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E xam ina tion  o f  th e  b a se -ca ta lyse d  condensation  o f  
e th y l c h lo ro a c e ta te  w ith  in d a n - l-o n e  has e s ta b lis h e d  th a t  
potassium  t -b u to x id e  is  p re fe ra b le  to  e i th e r  sodamide o r 
sodium e tho x ide  as condensing a ge n t* H y d ro ly s is  o f  the  
e s te r  formed is  shown to  y ie ld  n o t the  expected g ly c id ic  
a c id  ( in & a n - l- s p ir o - 2 t -o x ira n ~ 3 t - c a rb o x y lic  a c id ) ,  b u t the  
is o m e r ic e * -  h y d ro x y in d e n y l- l(? 3 ) -a c e t ic  a c id  to g e th e r  w ith  
a sm a ll p ro p o r t io n  o f  in d e n y lid e n e - l-a c e t ic  ac id *
The s t ru c tu re  assigned to  the  hydroxy a c id  is  based 
upon sp e c tro sco p ic  d a ta , the  chem ical p ro p e r t ie s  o f  th e  
e s te r  and o f the  a c id , and upon i t s  id e n t i t y  w ith  the  a c id  
formed by C la ise n  h y d ro ly s is  o f a u th e n tic  e th y l c * -h y d ro x y - 
in d e n y l- l ( ? 3 ) -a c e ta te .  D e ca rb o xy la tio n  o f  the a c id , which 
occurs a t the  m e lt in g -p o in t ,  is  accompanied by an unusual 
is o m e r is a t io n  to  y ie ld  1 - fo rm y lin d a n e , the  expected 
d e c a rb o x y la tio n  p ro d u c t o f  th e  g ly o id ic  a c id .
A lthough  i t  i s  found th a t  some in d e n y li& e n e —a c e t ic  
a c id  i s  formed as a b y -p ro d u c t in  the C la isen  h y d ro ly s is ,  - 
t h is  does n o t r u le  out o th e r  p re cu rso rs  o f  th e  a c id  b e in g  
formed in  the  condensa tion  re a c t io n  e.g;y by re a c t io n
ABSTRACT OF THESIS
in v o lv in g  the a c t iv e  m ethylene group o f  the  e n o lis e d  ketone* 
Th is  aspect was in v e s t ig a te d  by the use o f  s u b s t itu te d  
ind a n -l~ o n es  w hich would y ie ld  d i f f e r e n t  p ro du c ts  by the  
a lte r n a t iv e  pa ths* The p ro du c t from  5-me t  hoxy in d a n - 1 -one 
is  shown to  be 5 ~ m e th o x y in d e n y lid e n e -l-a c e tic  a c id , p ro v in g  
th a t  condensation  w ith  the c h lo ro e s te r  occurs w ith  the  
ca rb o n y l group o f  th e  -ke to n e , a r e s u l t  con firm ed by the  
co rrespond ing  re a c t io n  w ith  6 -m ethoxy indan-l~one*
W ith  2 , 2 -d im e th y lin d a n - 1 -one, a co rrespond ing  d ie n o ic  
a o id  cannot be formed* The condensation  w ith  e th y l 
ch lo ro a c e ta te  occurs le s s  r e a d i ly  than  w ith  in d a n ^ l-o n e  to  
g ive  an e s te r  (con tam inated  w ith  the  -o x o e s te r )? w hich on 
h y d ro ly s is  g ive s  a v e ry  low  y ie ld  o f  a p ro d u c t:b e s t fo rm u la te d  
as the  g ly c id ic  a c id . The condensa tion  is  accompanied by 
th e  fo rm a tio n  o f  e th y l e tho xya ce ta te  d e rive d  from  e th y l 
c h lo ro a c e ta te  by in te r a c t io n  w ith  the  condensing agent*
Phenyl 2 -p h e n y le th y l ke tone , th e  open-cha in  analogue 
o f  in d a n - l-o n e , y ie ld s  the  norm al g ly c id ic  e s te r  i n  th is  
re a c t io n ;  no rearrangem ent p ro du c ts  were is o la te d *  
D e ca rb o xy la tio n  o f  the a c id  ( to  y ie ld  2 , 4 -d ip h e n y lb u ta n - l- a l)  
occurs more r e a d i ly  th a n  w ith  the  a forem entioned h yd ro xy - 
a c id .
The work d esc rib e d  in  t h is  th e s is  was 
c a r r ie d  out in  the  O rganic C hem istry 
Research L a b o ra to r ie s  o f  B a tte rse a  
C o llege  o f  Technology, London, S*W *11,, 
under th e  s u p e rv is io n  o f  D r. Salmon.
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I NTRODUCTION
The f i r s t  e x te n s ive  in v e s t ig a t io n  o f  the h ic y c l ic  
ketone in d a n - l-o n e  was undertaken  by K ip p in g  in  1894.
H is o b s e rv a tio n  th a t  the  a c t io n  o f  phosphorus pen tox ide  
on fS -p h e n y lp ro p io n ic  a c id  le d  to  the  hydrocarbon truxene  
^2 7 ^L 8 k  suggested th a t  the  a c id  had f i r s t  undergone an 
in tra m o le c u la r  condensa tion  ( to  in d a n - l-o n e ) ,  and th a t  
the  p ro du c t had fu r th e r  condensed in te rm o le c u la r ly ,
( J . ,  1894, 269).
The pure ketone re q u ire d  to  t e s t  t h is  h yp o th e s is  was 
h i th e r to  o n ly  d i f f i c u l t l y  a c c e s s ib le  (from  o -ca rb o xyp h e n y l- 
p ro p io n ic  a c id ) ,  and K ip p in g  th e re fo re  in v e s t ig a te d  and 
developed th e  in te r n a l  F r ie d e l-C ia f ts  c y o l is a t io n  o f  j3 -pheny l~  
p ro p io n y l c h lo r id e  ( J . , 1894? 4 8 0 ) .  Of o th e r  methods 
subsequen tly  e la b o ra te d  th e  p re se n t p re fe rre d  sy n th e s is  makes 
use o f  c yo lo d e h yd ra tio n  o f  ^ -p h e n y lp ro p io n ic  a c id  (Koo, J . 
Amer. Chem. S oc . , 1953,. 75 , 1891: Arcus and B a r re t t ,  J . ,
1958, 2740)*
I t  has been found in  g en e ra l th a t  th e -p ro p e r t ie s  o f the  
ketone are in te rm e d ia te  between those o f  the  a l i c y c l i c  
ketones and those o f  the  m ixed a r y l - a lk y l  ke ton e s . .Thus 
the  ca rb o n y l group undergoes the  norm al condensation  re a c tio n s
13- *r
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w ith  d e r iv a t iv e s  o f  h yd ra z in e  and w ith  hydroxy lam ine .
I t  form s a b is u lp h i te  a d d it io n  compound, b u t th is  i s  
r a p id ly  hyd ro lyse d  by an excess o f w a te r. I t  d i f f e r s  
from  Oyclohexanone, b u t resembles acetophenone and 
«#t- te t r a lo n e  in  n o t re a c t in g  w ith  sodium a c e ty lid e  to  
form  the  a c e ty le n ic  c a rb in o l (M ath ieson, P h .D .? T he s is , 
London U n iv e rs ity ,  1 9 5 1 - 1 9 5 2 , No. 1799)# I t  rrc le rgoes 
th e  Hoform atsky re a c t io n ,  b u t subsequent h y d ro ly s is  and 
d e h yd ra tio n  le a d  to  a p ro d u c t w ith  th e  o le f in ic  double-bond 
In  the five-m em bered r in g ,  i . e .  no t to  th e  expected 
OK ,/3> -u n s a tu ra te d  a c id .
J
V o r y  re c e n t w ork, in c lu d in g  sp e c tro s c o p ic  a n a ly s is  
(T a y lo r , J .,1 9 6 0 , 28055 Ahmed and Campbell, £ .,1 9 6 0 , 4115) 
shows th a t  th e re  is  a s tro n g  tendency f o r  e x o c y c lic  doub le ­
bonds ( o f  in d a n y lid e n e  d e r iv a t iv e s )  to  m ig ra te  to  an endo-- 
c y c l ic  p o s it io n  ( i . e .  t o  g iv e  an in d e n y l d e r iv a t iv e ) .
There i s ,  however, evidence (Cope, J , Amer. Cbc^«- S oc .« 
1949, 21, 1589) th a t  some e x o c y c lic  double-bond s tru c tu re s  
are s ta b le .
Condensation re a c tio n s  o f the  ketone w ith  compounds 
c o n ta in in g  a c t iv e  m ethylene groups are e x e m p lif ie d  by the  
fo rm a tio n  o f  in d e n y l- 3 - a c e t o n i t r i le  w ith  cya n a co tic  a c id ,
a re a c t io n  w hich d id  n o t occur w ith  acetophenone 
( S hoh iak in  and T rach tenberg , Q orn t. rend . AoadAt Sfe i» U .R .S .S . 
1939, 2 4 , 763) .  The r e a c t i v i t y  o f the  c*-m ethylene group 
o f  the  ketone i s  in d ic a te d  by the  f a c i le  condensation  w ith  
aldehydes and ke tones , benzaldehyde f o r  example f  fo rm in g  
th e  oc-benzy lidene  d e r iv a t iv e .  . The r e a c t iv i t y  o f  th is  
group is  a lso  shorn by the  ready fo rm a tio n  o f  an oto-bromo 
d e r iv a t iv e  and <x -m o n o -a n d -d i-a lk y l s u b s t itu te d  in d a n - l-o n e s . 
The fo rm a tio n  o f d i -  and t r i ~  s e l f  condensation  p ro du c ts  
o f  the ketone in  the  presence o f  m in e ra l a c id  in v o lv e s  bo th  
the  ca rb o n y l group and th e  o t-m e thy lene  group o f th e  ke tone .
The Darkens g ly c id io  e s te r  condensation  re a c t io n  is  
a p p lic a b le  to  b o th  a l i c y c l i c  and mixed a r y l - a lk y l  ke tones 
(Newman and M a g e rle in , Org. R e a c tio n s . V, p .413) /  s M  has 
been a p p lie d  in  p a r t ic u la r  to  acetophenone and to  c y c lo -  
hexanone. I t  seemed o f  in te r e s t  to  examine th is  re a c t io n  
w ith  in d a n - l-o n e  f o r  com parison purposes, and fu rth e rm o re  
th e  expected d e c a rb o x y la tio n  p roduct ( l- fo rm y lin d a n e )  o f 
the  d e rive d  g ly c id ic  a c id  is  o the rw ise  d i f f i c u l t l y  
a c c e s s ib le , {from  an io d o h y d r in  o f  1 , 2 -d ihyd ro n a p h th a le n e , 
(T iffe n e a u  and O rekho ff,. B u l l , Soc. chim . ffranoor 1920.
2X, 7 8 9 ) ] .
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I t  was found th a t  in  the  case o f  in d a n - l-o n e  
th e  re a c t io n  i s  f a r  more com p lica ted  th an  w ith  the 
re fe re n ce  ke tones, and th a t  h y d ro ly s is  o f the  p ro d u c t 
g ive s  a m ix tu re  o f a c id s .
The e a r l ie r  e xp e rim e n ta l In v e s t ig a t io n s  in . th e  
p re se n t work were, d ire c te d  cowards th e  e lu c id a t io n  o f  
s t ru c tu re  o f the  components o f  the  m ix tu re * . T h e ir  
unexpected n a tu re  le d  to  an in v e s t ig a t io n  o f the  r c a c t io r  
w ith  in d a n - l - 6nes s u b s t itu te d  in  se le c te d  p o s it io n s  in  th e  
a ro m a tic  r in g ,  and in  the  five-m em bered r in g ,  and f i n a l l y  
w ith  the open-cha in  ketone phenyl g -p h e n y le th y l ke tone .
The in v e s t ig a t io n  in c lu d e d  an exam ina tion  o f the  
p ro p e r t ie s  o f  2 -c a rb e th o x y m e th y lin d a n -l-o n e  because o f  the  
p o s s ib le  fo rm a tio n  o f  t h is  e s te r  as a b y -p ro d u c t o f  the  
Darkens condensa tion  o f  in d a n - l-o n e  by in te r a c t io n  o f  e th y l 
c h lo ro a c e ta te  w ith  th e  a c t iv e  o' -m ethylene group o f  the  
ke tone .
DISCUSSION
R e a c tio n  schemes, re fe r re d , to  in  t h i s  s e c t io n  
appear a t th e  end o f  th e  E xp e rim e n ta l 
s e c t io n  and may he opened o u t f o r  c o n s u lta t io n .
The Darzans g ly c id ic  e s te r  co n d e n sa tio n  in v o lv e s  th e  
b a s e -c a ta ly s e d  in t e r a c t io n  o f  an a ldehyde o r  ke ton e  w ith  
an o*. “ c h lo ro  e s te r  to  fo rm  an ex ,]&■ -e p o x y e s te r ,  Newman and 
M a g e r le in , ( O rg . R e a c t io n s , V, p . 4-13)* The f i r s t  s ta g e  in  
th e  r e a c t io n  i s  ana logous to  t h a t  o f  th e  a ld o l  c o n d e n s a tio n . 
I t  in v o lv e s  a b s t ra c t io n  o f  a p ro to n  fro m  th e  c h lo ro e s te r  
by th e  b a s ic  condensing  a g e n t, and * th e  a d d i t io n  o f  th e  
a n io n  th e re b y  form ed to  th e  c a rb o n y l g roup o f  th e  a ldehyde  
o r  k e to n e . T h is  i s  fo llo w e d  b y  an in t ra m o le c u la r  n u c le o -  
p h i l i c  d isp la ce m e n t r e a c t io n  a t th e  C* -ca rb o n  atom to  g iv e  
th e  <3*,$ -e p o x y e s te r  ( g ly c id ic  e s te r )  , { B a l le s te r  ( Chem.
R e v . , 1955? 55 , 2833* r e a c t io n  is  o f  w ide  a p p l ic a t io n
w ith  d ia l k y l ,  d i a r y l , a r y l - a l k y l ,  and c a rb o c y c lic  k e to n e s , 
and w ith  c e r ta in  a ro m a tic  a ld e h yd e s . W ith  ace tophenone , 
f o r  example,, th e  p ro d u c t i s  e th y l  £> -m e th y l-  
p h e n y lg ly c id a te , (R e a c tio n  1 ) .  By an analogous s e r ie s  o f  
re a c t io n s  in d a n “ l^ o n e  w ou ld  fo rm  e th y l in d a n - l - s p i r o - 2 1-  
o x ir a n - 3 1 - c a r b o x y la te , (R e a c tio n  2 )*
DISCUSSION
*
The im p o rta n ce  o f  g ly c id ic  e s te rs  as o rg a n ic  i n t e r ­
m ed ia tes is  due p r im a r i ly  to  th e  ease w ith  w h ich  th e  d e r iv e d
T? l6 —
a c id s  undergo d e c a rb o x y la t io n  and rea rrangem ent to  y ie ld  
a ldehydes o r ke tones h a v in g  a h ig h e r  carbon c o n te n t th a n  
th e  i n i t i a l  a ldehyde  o r k e to n e . Thus, e th y l  -m e th y l-  
-p h e n y l g ly c id a te  y ie ld s  2 ~ p n e n y lp r‘o p io n a l& e h yd e , and th e  
in d a n e ~ e s te r w ou ld  be expected  to  g iv e  l “ fo rm y lin d a n e .
Sodamide and sodium  e th o x id e , b o th  w id e ly  used as 
condensing  agents i n  th e  Darzens re a c t io n  were in v e s t ig a te d  
f o r  t h i s  purpose i n  th e  p re l im in a ry  e x a m in a tio n  o f  th e  
co n d e n sa tio n  o f in d a n - l-o n e  w ith  e th y l c h lo ro a c e ta te ,
(E x p ts . 2a and 2 b ) ,  W ith  e q u im o le c u la r  p ro p o r t io n s  o f  th e  
k e to n e , th e  c h lo r o e s te r ,  and th e  condensing  a g e n t, th e  
p ro d u c t c o n ta in e d  a c o n s id e ra b le  q u a n t it y  o f  unchanged ke ton e  
In c re a s e  in  th e  m o le c u la r  p ro p o r t io n s  o f  th e  c h lo ro e s te r  
and o f  th e  condensing  agent d im in is h e d  th e  q u a n t i t y  o f  ke ton e  
re c o v e re d , b u t d id  n o t m a rked ly  in c re a s e  th e  y ie ld  o f  
co n d e n sa tio n  p ro d u c t.  Removal o f  c a rb o n y l compounds fro m  
th e  p ro d u c t,  by  tre a tm e n t w ith  G ira rd 's  re a g e n t " T " , y ie ld e d  
an o i l  w i th  p h y s ic a l p ro p e r t ie s  s im i la r  to  th o se  o f  th e  
u n tre a te d  m a te r ia l ,  and w h ich  gave a p u rp le  c o lo u r  r e a c t io n  
w ith  a lc o h o l ic  a l k a l i ,  a c o lo u r  r e a c t io n  a ls o  observed w ith  
th e  crude  k e to n e -c o n ta in in g  p ro d u c t.
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H y d ro ly s is  o f  g ly c i& ic  e s te rs  i s  c a r r ie d  o u t b y  th e  
method o f  C la is e n  ( B e r. , 1905, 2 8 , 7 0 3 ) ,  because o f  th e
i n s t a b i l i t y  o f  th e  epox ide  r in g  to  h o t c a u s t ic  a l k a l i  o r  
m in e ra l a c id .
A p p lic a t io n  o f  t h i s  method to  th e  p ro d u c t fro m  in d a n - l~  
one was accompanied by th e  developm ent o f  an u n e x p la in e d  
in te n s e  p u rp le  c o lo r a t io n ,  s im i la r  to  t h a t  induced  by  h o t 
a lc o h o l ic  a l k a l i .  T h is  c o lo u r  change, w h ich  was n o t 
observed d u r in g  th e  C la is e n  h y d ro ly s is  o f  th e  e th y l  m e th y l-  
p h e n y l-g ly c  id  a t e , was l a t e r  shown to  be due to  e th y l 
h y d r o x y - in d e n y l- l - a c e ta te , e i t h e r  p re s e n t in  th e  d i s t i l l e d  
p ro d u c t from  th e  c o n d e n s a tio n , o r  form ed a t  an in te rm e d ia te  
s ta g e  d u r in g  i t s  a lk a l in e  h y d r o ly s is .  The h y d ro ly s is  
y ie ld e d  a m ix tu re  o f  a c id s  fro m  \tfhich a s in g le  c r y s t a l l in e  
a c id  c o u ld  n o t be is o la te d .
V
Of th e  th re e  methods in v e s t ig a te d  f o r  th e  d eca rb o xy­
l a t io n  o f  th e  d e r iv e d  a c id  m ix tu r e , o n ly  th a t  in v o lv in g  
p y r o ly s is  and d i s t i l l a t i o n  o f  th e  p ro d u c t gave m a te r ia l 
fro m  w h ich  th e  sem icarbazone o f  1 - fo rm y lin d a n e  was is o la te d ,  
in  low  o v e r a l l  y i e ld ,  (E x p t.  2a)..
Use o f  p o ta ss ium  t - b u to x id e  as condensing  agent 
g r e a t ly  in c re a s e d  th e  y ie ld  o f  v o la t i l e  m a te r ia l ,  a lth o u g h  
t h is  e x h ib ite d  s im i la r  c o lo u r  re a c t io n s  to  th o se  o b ta in e d  
when u s in g  sodamide o r sodium  e th o x id e  as condensing  a g e n t. 
W ith  th e  g re a te r  q u a n t i t y  o f  v o la t i l e  m a te r ia l  a v a i la b le ,  
f r a c t io n a l  d i s t i l l a t i o n  became p r a c t ic a b le ,  b u t th e  p ro d u c t 
d id  n o t se p a ra te  in t o  w e l l - d e f in e d  f r a c t io n s .  W ith  e q u i­
m o le c u la r p ro p o r t io n s  o f  th e  re a c ta n ts  and th e  condensing  
a g e n t, some unchanged ind a n~ l~ on e  (a p p ro x . 1 0 >& o f  t h a t  used) 
was re c o v e re d . U s ing  1 .2 5  m o le c u la r p ro p o r t io n s  o f  th e  
condensing  agent and o f  th e  c h lo r o e s te r ,  t h i s  amount was 
decreased , and was e lim in a te d  by th e  use o f  1 . 5  m o le c u la r  
p ro p o r t io n s ,  (E x p t . 2 c ) .  The p ro d u c t r e fe r re d  to  as th e  
e s t e r  A th e re b y  o b ta in e d  gave no im m ediate  p r e c ip i t a t e  
w ith  B ra d y 's  re a g e n t,  a lth o u g h  some p r e c ip i t a t e  fo rm ed on 
p ro lo n g e d  s ta n d in g . T h is  was a ls o  found  to  be th e  case 
w ith  th e  e th y l  p h e n y lm e th y lg ly c id a te a n d  may be due to  
is o m e r is a t io n  to  th e  c< -o x o e s te r o r  to  h y d ro ly s is  and 
d e c a rb o x y la t io n  o f  th e  d e r iv e d  a c id .
The presence  o f  an o ^ -o x o e s te r was in d ic a te d  by  th e  
f e r r i c  c h lo r id e  c o lo u r  r e a c t io n ,  b u t i t  d id  n o t appear to  
be p re s e n t in  c o n s id e ra b le  q u a n t i t y  as th e  m a te r ia l  was 
p r a c t i c a l l y  in s o lu b le  in  c o ld  aqueous sodium h y d ro x id e .
Such, e s t e r s ,  w h ich  e x h ih i t  k e to -e n o l isom erism  a re  form ed 
b y  is o m e r is a t io n  o f  g ly c id ic  e s te rs  (K o h le r ,  R ich tm ye r*  and 
H e s te r ,  J* Amer, Chem. Soc. , 193.1? 53 , 2 1 1 ). The a c id  
o b ta in e d  by C la is e n  h y d r o ly s is  o f  th e  e s te r  A c o n ta in e d  
none o f  th e  c* -o x o a c id ,  a r e s u l t  due e i t h e r  to  th e  
s o l u b i l i t y  o f  th e  sodium  s a l t . i n  e th a n o l,  o r  to  th e  
m ig ra t io n  o f  th e  dou b le -b o nd  o f  th e  e n o l fo rm  o f  th e  a c id  
in t o  th e  five -m em bered  r in g .
An in v e s t ig a t io n  o f  p o s s ib le  co n ta m in a n ts  o f  th e  m ain 
component o f  th e  e s te r  A was now u n d e rta ke n . .
C ondensation  o f  th e  e s te r  A w ith  h y d ra z in e , (Ebcpt. 3e) 
gave a c o lo u r le s s  c r y s t a l l i n e  a c id  h y d ra z id e , c o rre s p o n d in g  
i n  c o m p o s itio n  w ith  th a t  c a lc u la te d  f o r  th e  h y d ra z id e  o f  
e i t h e r  in d a n ^ l - s p i r o - 2 ’ - o x i r a n * 3 ^ c a r b o x y l ic  a c id  o r  th e  
is o m e ric  ix -h y d ro x y in d e n y la c e t ic  a c id . The a c id  h y d ra z id e  
condensed w ith  benza ldehyde  under th e  m ild  c o n d it io n s  re q u ire d  
f o r  th e  in t e r a c t io n  o f  a c id  h yd ra z id e s  w ith  c a rb o n y l compounds 
to  y ie ld  a b e n z y lid e n e  d e r iv a t iv e  o f  th e  expected  m ole­
c u la r  fo rm u la .
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The fo rm a tio n  o f  t h is  a c id  hydrazi'de rendered 
im probable  the  presence o f  a compound c o n ta in in g  an 
a c t iv e  ca rb o n y l group as a m ajor component o f  the e s te r  
A* E th y l . in d a n - l-o n e -3 -a c e ta te , w hich m ig h t have been 
formed by the  in te r a c t io n  o f  the c h lo ro e s te r  w ith  the  
(a c t iv e )  m ethylene group o f the  e n o lise d  ketone in  th e  
presence o f po tass ium  t~ b u to x id e , cou ld  n o t th e re fo re  be 
p re se n t as an im p o rta n t component o f  the  e s te r  A,
(R e a c tion  3 )*
I t  d id  n o t however e lim in a te  e th y l in d a n - l-o n e -2 — 
a ce ta te  as a p o s s ib le  component o f  the  e s te r ,  because 
th e re  is  l i t t l e  known conce rn ing  the  ca rb o n y l re a c tio n s  
o f  t h is  k e to e s te r ,  and th e  p o s s ib i l i t y  o f  e .g . s te r io  
h ind rance  must be considered^
A lk y l  h a lid e s  r e a d i ly  condense w ith  in d a n - l-o n e  in  
the  presence o f  potassium  t-b u to x id e  ( o f .  Mousseron, J a c q u ie r , 
and C h r is to l ,B u l l  ^ Soc. chim . F rance . 1957, 346), to  
g ive  2 -s u b s t itu te d  in d a n - l-o n e s . I t  was reasoned 
th a t  under the  e xp e rim e n ta l c o n d it io n s  o f the Darzens 
condensa tion , th e  fu n c t io n  o f  e th y l o h lo ro a ce ta te  as an 
a lk y l  h a lid e  cou ld  le a d  to  the  fo rm a tio n  o f  e th y l
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in d a n ~ l-o n e ~ 2 -a c e ta te  ,and i t  i s  known t h a t  th e  use o f  
e th y l  b rom oace ta te  i n  a Darzens r e a c t io n  g iv e s  th e  
s u b s t i tu te d  ca rb e th o x y m e th y l ke ton e  i n  a d d it io n  to  th e  
g ly c id ic  e s te r  ( Newman and M a g e r le in , O rg. R e a c t io n s ,
Y o l.  Y, p ,  4 1 7 .)  A c c o rd in g ly  th e  k e to e s te r  was 
s y n th e s is e d , (E x p t. 29)? f o r  com parison w ith  th e  e s te r  A. 
U n lik e  th e  l a t t e r  compound, i t  form ed a sem icarbazone 
u nd er norm al e x p e rim e n ta l c o n d it io n s .  I t  condensed w ith  
h y d ra z in e  to  g iv e  th e  t r i c y c l i c  compound 3 ,4 ,4 a ,5 ~ te t r a h y d r o -  
3 ~ox o-  2H-;Lnd eng ( 1 ,2 - c )  p y r id a z in e , (E x p t, 3 0 ) ,  by 
c o n d e n sa tio n  o f  b o th  th e  c a rb e th o x y  group and th e  c a rb o n y l 
g roup w ith  h y d ra z in e , (R e a c tio n  4 ) ;  The e s te r  A under 
th e se  e x p e rim e n ta l c o n d it io n s  gave th e  a c id  h y d ra z id e ,
(E x p t,  3 e ) .  F u rth e rm o re , c r y s ta ls  o f e th y l  *in d a n - l~ o n e -2 -  
a c e ta te  d id  n o t ind u ce  c r y s t a l l i s a t io n  o f  th e  e s te r  A,
H yd ro g e n a tio n  o f  th e  e s te r  A was. in v e s t ig a te d  I n  an 
endeavour to  o b ta in  a d d i t io n a l  ev idence  o f  th e  p resence  o f  
e th y l  in d a n ~ l~ s p iro -2 f - o x i r a n - 3 1 - c a rb o x y la te .  A lth o u g h  
n o t . d e s c r ib e d  f o r  th e  re d u c t io n  o f  g ly c id ic  e s t e r s , c a t a ly t i c  
h y d ro g e n a tio n  has been used f o r  th e  re d u c t io n  o f  a c y l-  ; 
s u b s t i tu te d  e p o x id e s . W ith  n ic k e l  c a ta ly s t  th e  epox ide  r in g  
was reduced  b e fo re  th e  c a rb o n y l group (L u tz  and Wood, J*
Amer. Chem. Soc. » 1938? 6 0 , 2 2 9 ). Not more th a n  a s m a ll ;
T 22 -
p ro p o r t io n  o f  th e  hyd rogen  re q u ire d  f o r  th e  h y d ro g e n a tio n  
(2H , based on th e  g ly c id ic  e s t e r )  o f  th e  e s te r  A was 
absorbed when t h i s  c a ta ly s t  was used . The im p o rtm e e  o f 
t h i s  expe rim en t was th a t  th e  p ro d u c t y ie ld e d  on h y d ro ly s is  
a c o lo u r le s s  c r y s t a l l i n e  a c id ,  ( la t e r  shown to  be (*>• 
h y d ro x y - in d e n y l- l~ a c e t ic  a c i d ) , w h ich  underw ent deca rboxy­
la t io n  on h e a t in g  to  y ie ld  1 - fo r m y l in d a n e ( R e a c t io n  5 ;#
The in fo rm a t io n !  re g a rd in g  th e  c r y s t a l l i s a t io n  o f  th e  
p ro d u c t was th e n  a p p lie d  in  th e  p u r i f i c a t io n  o f  th e  a c id  
d e r iv e d  from  th e  u rihydrogena ted  e s te r  iL  From t h is  was 
is o la te d  th e  c o lo u r le s s  a c id  found  i n  th e  p re v io u s  e x p e r i­
ment and a ls o  a s m a ll amount o f  a re d  c r y s t a l l in e  a c id i  
The c o lo u r  o f  th e  l a t t e r , ,  and i t s  u l t r a - v i o l e t  and v i s ib le  
a b s o rp t io n  s p e c t r a ,  to g e th e r  w ith  i t s  low  e q u iv a le n t w e ig h t 
( 1 7 0 )., th e  c o m p o s itio n  o f  i t s  p -b rom ophenacyl e s te r ,,  and 
th e  low  m o le c u la r w e ig h t (ap p ro x* 200) o f th e  e s te r  A , 
in d ic a te d  th a t  th e  a c id  m ig h t be id e n t ic a l  w ith  th e  known 
in d e n y l id e n e - l- a c e t ic  a c id *  T h is  s u p p o s it io n  was con firm ed , 
by s y n th e s is  o f  th e  a u th e n t ic  a c id ,  (E x p t*  13)?. and es tab r- 
lis h m e n t o f  i t s  i d e n t i t y  w ith  th e  re d  a c id  d e r iv e d  fro m  th e  
e s te r  A (m ixed m .p* o f  th e  p -b rom ophenacyl e s t e r s ) *  
C o n firm a tio n  was fo un d  in  th e  s im i l a r i t y  o f  th e  u l t r a - v i o l e t
*
and v i s ib le  a b s o rp t io n  s p e c tra  o f  th e  tw o a c id s .  The 
fo rm a t io n  o f  th e  e s te r  fro m  w h ich  t h is  a c id  was d e r iv e d ,, i n  
th e  b a s e -c a ta ly s e d  co n d e n sa tio n  o f  e th y l  o h lo ro a c e ta te  
w ith  in d a n - l-o n e  c o u ld  have o ccu rre d  by e i t h e r  o f  two 
d i s t i n c t  r e a c t io n  p a th s .; (a )  by in t e r a c t io n  o f  th e  
c h lo ro e s te r  w i th  th e  c a rb o n y l g roup fo llo w e d  by  d e h y d ra t io n  
and d e h y d ro h a lo g e n a tio n  o f  th e  p ro d u c t,  (R e a c tio n  6 ) ,  o r
(b )  by  in t e r a c t io n  o f  th e  c h lo ro e s te r  w i th  th e  a c t iv e  
m ethy lene  group o f  th e  e n o lis e d  ke tone ,, fo l lo w e d  by  m ig ra t io n  
o f  th e  d ou b le -b o nd  and d e h y d ra tio n ,, (R e a c tio n  7 ) *
W ith  in d a n - l - o n e , th e  p ro d u c t w ou ld  be th e  same by 
e i t h e r  r e a c t io n  p a th i I t  th e re fo re  seemed o f  in t e r e s t  to  
in v e s t ig a te  th e  p ro d u c ts  o f  th e  Darzens co n d e n sa tio n  w i th  
in d a n - l-o n e  s u b s t i tu te d  in  th e  a ro m a tic  n u c le u s . The 
in t r o d u c t io n !  o f  a s u b s t i tu e n t  a t any one o f  th e  fo u r  
p o s i t io n s  in  th e  a ro m a tic  n u c le u s  w ould  cause th e  fo rm a t io n  
o f  d i f f e r e n t  isom ers  by  th e  two re a c t io n  p a t h s a n d  i d e n t i f i ­
c a t io n  o f  th e  p ro d u c t w ou ld  In d ic a te  th e  p a th  ta ke n  i n  i t s  
fo rm a t io n .  T h is  s u b je c t  i s  d e a lt  w ith  l a t e r .
The c o lo u r le s s  a c id  is o la te d  fro m  th e  h y d ro ly s a te  o f  
th e  e s te r  A was c o n s id e re d  to  be th e  g ly c id ic  a c id ,  in d a n -1 -  
s p i r o - 2 f -o x ir a n ~ 3 ! - c a r b o x y l ic  a c id ,  (E x p t*  1 0 ) .  T h is
*72?-
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s t r u c tu r e  was th a t  expected  fro m  th e  norm al Darzens 
c o n d e n s a tio n . I t  e x p la in e d  th e  m a jo r i t y  o f  th e  p ro p e r t ie s  
o f  th e  a c id .  'Thus th e  c a lc u la te d  v a lu e s  f o r  th e  c o m p o s itio n  
o f  th e  a c id  and o f  i t s  p -b rom ophenacyl e s te r  were i n  ag ree ­
ment w ith  th o se  fo u n d . . The a c id  gave no c o lo r a t io n  w i th  
f e r r i c  c h lo r id e ,  in d ic a t in g  th a t  i t  was n o t < X -o x o in d a n y l~ l-  
a c e t ic  a c id  it The a c id  underw ent d e c a rb o x y la t io n  under c o n d i­
t io n s  used f o r  th e  d e c a rb o x y la t io n  o f  g ly c id ic  a c id s , to  
y ie ld  th e  expected  1 - fo rm y lin d a n e , c h a ra c te r is e d  as th e  ' 
known sem icarbazone and as th e  4 -p h e n y lse m ica rb a zo n e ,
The a b s o rp t io n  o f  b rom ine  by  th e  a c id  was n o t sound ev idence  
o f  an a l t e r n a t iv e  s t r u c tu r e  as th e  p ro d u c t e vo lve d  hydrogen  
b rom ide  a t  room te m p e ra tu re , and hydrogen  h a lid e s  open / '
o x ira n  r in g s  (D a rzen s , Compt. re n d . Acad. S c i .  P a r is 4 1910, 
150, 124-3). The b ro m o h yd rin  w ould  in  th e  p re s e n t example 
lo s e  hydrogen  b rom ide  to  y ie ld  th e  u nsa tu ra te d , qc. -h y d ro x y — 
in d e r iy la c e t ic  a c id *  C a ta ly t ic  amounts o f  hydrogen  brom ide 
w ou ld  th e re fo re  be adequate to  e x p la in  th e  u p take  o f  brom ine 
by th e  g ly c id ic  a c id ,  (R e a c tio n  8 ) .  , •
However, re d u c t io n  o f  th e  e s te r  A w ith  l i t h iu m  a lum in ium  
h y d r id e  gave a p ro d u c t b e s t  fo rm u la te d  as in d e n y l“ l - ( ? 3 )~  
e th y le n e  g ly c o l  (h e n c e fo r th  r e fe r r e d  to  as th e  g ly c o l ) .
The ev idence  f o r  t h i s  s t r u c tu r e  was as f o l l o w s ■
' \ . . ‘
(a )  U lt im a te  a n a ly s is  o f  b o th  th e  g ly c o l  and o f  i t s  : . 
m o n o t r i t y l  e th e r  in d ic a te d  i t  to  have th e  m o le c u la r  fo rm u la
C1 1 K1 2 ° 2 * . . .
(b )  The g ly c o l  c o n ta in e d  two a c t iv e  hydrogen  atoms*
. ( c )  I t  d e c o lo r is e d  b rom ine  in  carbon t e t r a c h lo r id e ,  
and reduced  n e u t r a l  p o ta ss iu m  perm anganate.
(d )  O x id a t io n  o f  th e  h y d ro g e n a tio n  (2H) p ro d u c t o f  th e  ; 
g ly c o l,  w i th  p e r io d ic  a c id  gave a n e a r ly  q u a n t i t a t iv e  y ie ld
o f  1 - fo rm y lin d a n e , (E xp t*  8 , R e a c tio n  9 )*
(e )  The l i g h t  a b s o rp t io n  o f th e  g ly c o l  in  th e  u l t r a ­
v i o l e t  <V 2 5 0  m ^(3 - 9 9 ) co rresponded  c lo s e ly  to  t h a t  o f
max*
indene  A. max#249 m ^(3 * 9 6 ) .  ;
L ith iu m  a lu m in ium  h y d r id e  re d u c t io n  o f  a u th e n t ic  
e th y l-  - h y d r o x y in d e n y l- l ( ? 3 ) “*ace ta te  ( f ro m  in d e n e , R e a c tio n  9) 
gave a p ro d u c t id e n t ic a l  w ith  th e  c o rre s p o n d in g  p ro d u c t fro m  
th e  e s te r  A (m .p . and m ixed m .p . ) *  The s t r u c tu r e ,  in d e n y l-
l ( ? 3 )~ a th y le n e  g ly c o l , fo l lo w s  from  I t s  p re p a ra t io n  in  t h i s
^  .
m anner, (R e a c tio n  10-).* •*
L ith iu m  a lu m in ium  h y d r id e , u s u a l ly  a t ta c k s  u n s y m m e tr ic a lly  
s u b s t i tu te d  o x ira n s  p re d o m in a n tly  a t th e  le a s t  s u b s t i tu te d
t  2 6  «
carbon atom to  g iv e  th© more h ig h ly  s 'uhs-b itu t^d  a lc o h o l
( c f «  B r o w n ,  Q r g . R e a c t i o n s ,' V I ?  p .  4-76, a n d  E l i e l , J. A m e r .
C h e m .  S o c . , 1 9 5 6 ,  7 8 ,  3 2 2 6 ) .  T h u s  w i t h ,e t h y l  c y c l o h e x a n -
l ~ s p i r o - 2 f - o x i r a n - 3 1^ c a rb o x y la te  th e  p ro d u c t was found  to
b e  2 ( 1 1- h y d r o x y e y e 1 o h e x y l )  e t h a n o l  ( B i l l i m o r i a  a n d  H a c l a g e n *
io
J # , 1951? 3 06 7 ) ,  (R e a c tio n  2r±).
Opening o f  th e  o x ira n  r in g  o f  e th y l  in d a n - 1 - s p i r o - 2 1 -  
o x ir a n - 3 f “ c a rb o x y la te  i n  t h is  manner w ou ld  y ie ld  1  ( /3 -h y d ro x y  
- e t h y l )  in d a n - l - o l  w h ich  w ou ld  be expected  to  e lim in a te
r e a d i ly  a m o le cu le  o f  w a te r to  y ie ld  3 ( $ - h y d ro x y e th y l) -
• U  ; 4
in d e n e , (R e a c tio n  : t£ ) .
The n a tu re  as w e l l  as th e  number o f  s u b s t i tu tu e n ts  i s  . ./ 
however im p o r ta n t in  d e te rm in in g  th e  d i r e c t io n  o f  th e  r in g  
o p e n in g , and i t  was n o t im p o s s ib le  f o r  th e  a l t e r n a t iv e  course  
to  have been ta k e n 5 th e  p ro d u c t f r o m .e th y l in d a n - l - s p i r o - 2 1-  
o x ir a n - 3 1-c a rb o x y la te  w ou ld  th e n  be in d a n y l-1 -e th y le n e  g ly c o l ,  
(R e a c tio n  ± j ) « *  £& n e i th e r  case w ould  th e  p ro d u c t have been
In d e n y l~ l(? 3 ) -e th y le n e  g ly c o l .  There rem ained th e  p o s s i b i l i t y  ' 
o f  i t  h a v in g  been form ed by re d u c t io n  o f  th e  e n o l fo rm  o f  
th e e t-o x o e s te r ,  p roduced by is o m e r is a t io n  o f  th e  e p o x y e s te r, 
fo llo w e d  by m ig ra t io n  o f  th e  e x o c y c lic  doub le -bond  in t o  th e
five~m em bered r in g ,  (R e a c tio n  “1%) * N e v e rth e le s s  , 
c o n s id e ra t io n  o f  th e s e  o b s e rv a tio n s  s t r o n g ly  suggested  
th a t  th e  e s te r  A m ig h t c o n ta in  e th y l  <*.-h y d ro x y - in d e p y l.-*1— 
a c e ta te .  A lk a l in e  h y d r o ly s is  o f  th e  l a t t e r  e s te r  as 
d e s c r ib e d  by T h ie le  and R d d ig e r , (A n n a l e n 1906, 3 4 - 7 275) *, 
was accompanied by  th e  e l im in a t io n  o f  a m o le cu le  o f  w a te r  
to  y ie ld , in d e n y l id e n e - l- a c e t ic  a c id  as th e  o n ly  a c id  p ro d u c t.
H y d ro ly s is  by  th e  method o f  C la is e n , h o w e v e r w a s  found  
to  y ie ld  a s a l t  m ix tu re  fro m  w h ich  - h y d r o x y in d e n y l- l - ( ? 3 ) ’” 
a c e t ic  a c id  and a s m a ll q u a n t i t y  o f  in d e n y l id e n e - l- a c e t ic  
a c id  were o b ta in e d  by  s te p w is e  p r e c ip i t a t io n  w ith  m in e ra l 
a c id  fo llo w e d  by  r e c r y s t a l lx s a t io n  o f th e  p ro d u c ts ,  (E x p t.  1 2 )y
These a c id s  were fo un d  to  be id e n t ic a l  w ith  th e  
c o lo u r le s s  and th e  re d  a c id  r e s p e c t iv e ly  is o la te d  fro m  th e  
h y d ro ly s a te  o f  th e  e s te r  A . (m ixed m .p . o f  th e  £ -b ro m o- 
p he na cy l e s t e r s ) .
The o ccu rre n ce  o f  th e se  two a c id s  i n  th e  h y d ro ly s a te  
o f  th e  e s te r  A w ou ld  th e r e fo r e  be e x p la in e d  b y  th e  p resence 
o f  e th y l Q( -h y d ro x y in d e n y l- 1  (? 3 ) -a c e ta te  in  t h i s  e s te r .
The u l t r a - v i o l e t  a b s o rp t io n  o f  th e  e s te r  A in d ic a te d  th a t  i t
~ 2 7 ~
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c o u ld  c o n ta in  up to  8 0 /t o f  th e  h y d ro x y e s te r , a lth o u g h  
th e re  must be o th e r  m a te r ia l p re s e n t w h ich  absorbed more 
s t r o n g ly  th a n  t h i s  e s te r  a t .A. - _  3 1 5  mtA *luclX # *"
The p resence  o f  t h i s  h y d ro x y e s te r  i n  th e  p ro d u c t fro m  
th e  Darzens co n d e n sa tio n  o f  e th y l  c h io ro a c e ta te  w ith  in d a n - 1 -  
one may be e x p la in e d  by th e  in te rm e d ia te  fo rm a t io n  o f  th e  . 
g ly c id ic  e s te r  fo llo w e d  by is o m e r is a t io n  o f  t h i s  to  th e ; 
o ^ -o x o e s te r  (K o h le r ,  R ich tm ye r and H e s te r ,  l o c * c i t ♦ ) .  and
m ig ra t io n  o f  th e  d ou b le -bond  o f  th e  e no l fo rm  o f  t h i s  in t o
r s  .
th e  5~membered r in g ,  (R e a c tio n  1 # )*  The m o b i l i t y  o f  t h i s  
d ou b le -bond  must p la y  an im p o rta n t r o l e  in  d i r e c t in g  th e  
r e a c t io n  a lo n g  t h i s  p a th  and in  e n a b lin g  th e  d e r iv e d  a c id  
to  undergo d e c a rb o x y la t io n  to  y ie ld  1 - fo rm y lin d a n e . Therm al 
d e c o m p o s itio n  o f  ex .-hyd roxyac ids  u s u a l ly  in v o lv e s  th e  
e l im in a t io n  o f  a m o le cu le  o f  fo rm ic  a c id *  a r e a c t io n  w h ich  
I n  th e  p re s e n t case w ou ld  have le d  to  th e  fo rm a t io n  o f  1 -  
fo rm y lin d e n e  o r  i t s  d e co m p o s itio n  p ro d u c ts *
There i s  no p re v io u s  re c o rd  o f  th e  fo rm a t io n  o f  an 
cx, y  - d ie n o ic  a c id  fro m  th e  p ro d u c ts  o f  Darzens co n d e n sa tio n  
a lth o u g h  s p e c tro s c o p ic  d a ta  have in d ic a te d  th a t  p re p a ra t io n s  . 
o f  th e  g ly c id ic  e s te r  ( I I )  may c o n ta in  some o f  th e  is o m e r ic
<x -h y d ro x y -  /5  ,V  —u n s a tu ra te d  e s te r  ( I )  as an im p u r i t y  
(M o rr is  and Young, J* Amer. Chem.  Soc. , 1955,, 72* 6 6 7 8 )*
( I I I )  i s  form ed i n  8 0 % y ie ld  by  th e  a c t io n  o f  m in e ra l a c id  
on th e  sodium  s a l t  o f  th e  g ly c id ic  a c id  d e r iv e d  fro m
a c id  in t o  in d e n y l id e n e - l- a c e t ic  a c id  i n  th e  p resence  o f :
change i n  l i g h t  a b s o rp t io n  o f  th e  a lk a l in e  s o lu t io n  o f  th e  
h y d ro x y a c id , (E x p t.  11 c ) .  The changes w h ich  o c c u rre d  were 
i n  c lo s e  agreement w ith  th o se  c a lc u la te d  f o r  th e  g ra d u a l 
c o n v e rs io n  o f  th e  h y d ro x y a c id  in t o  th e  in d e n y lid e n e a c e t ic  
a c id *  41%  a f t e r  3 0  m in u te s , under th e  c o n d it io n s  o f  the ;, 
e x p e rim e n t. F u r th e r  ev idence  o f  t h i s  co n ve rs io n : was found  
i n  th e  is o la t io n  o f  b o th  e x -h y d ro x y in d e n y l- 1  (? 3 ) - a c e t i c  
a c id  and in d e n y l id e n e - l- a c e t ic  a c id  fro m  th e  h y d ro ly s a te  o f  
th e  e s te r  p re p a re d  by tre a tm e n t o f th e  h y d ro x y a c id  w ith  
d ia z o e th a n e , (E x p t. 3 5 ) *
I t  has a ls o  been fo un d  th a t  th e  u n s a tu ra te d  h y d ro x y a c id
cyclohexanone (Johnson , B e lew , Chinn and H u n t, J .  Amer 
Chem. Soc* ,  1953, 2 5 * 4 9 9 5 )*
CH.
CH
3 " C 0 2 E t
‘CH (OH). CO^H
(I) ( I L ) (III)
The c o n v e rs io n  o f  th e  *x -h y d ro x y in d e n y l-3 l(? 3 )-a c e ti«
a l k a l i  was examined q u a n t i t a t iv e ly  b y  measurement o f  th e
C o n c lu s io n , The h y d r o ly s is  p ro d u c t o f  th e  a tte m p te d  Darzens 
co n d e n sa tio n  o f  e th y l  o h lo ro a c e ta te  w ith  in d a n - l-o n e  c o n ta in s  
h o t th e  expected  g ly c id ic  a c id ,  b u t th e  is o m e r ic  c ^ -h y d ro x y -  
in d e n y l“ l ( ? 3 ) - a c e t i c  a c id  to g e th e r  w ith  a s m a ll p ro p o r t io n  o f  
in d e n y l id e n e - l- a c e t ic  a c id .  The h y d ro x y a c id  undergoes 
d e c a rb o x y la t io n  a t th e  m e lt in g - p o in t  to  fo rm  1 - fo rm y lin d a n e . 
S ince  t h i s  acid, may be more r e a d i ly  p re p a re d  b y  C la is e r  
h y d ro ly s is  o f  th e  c o rre s p o n d in g  e s te r ,,  a more e xp e d ie n t 
ro u te  t o  the a ldehyde  is  a v a i la b le .  T h is  a ldehyde  may a ls o  
be p re p a re d  by p e r io d ic  a c id  o x id a t io n  o f in d a n y 1 - 1 -e th y le n e -  
g ly c o l .
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Darzens C ondensations w ith  s u b s t i tu te d  in d a n - I ^ ones 
and r e la te d  ke ton e s  *
The in v e s t ig a t io n  o f  th e  in t e r a c t io n  o f  e th y l 
c h lo ro a c e ta te  w ith  in d a n - l-o n e s  s u b s t i tu te d  in  th e  a ro m a tic  
r in g  was u n d e rta k e n , as p re v io u s ly  in d ic a te d  (p*3 ) ,  i to  
d e c id e  th e  r e a c t io n  p a th  fo llo w e d  i n  th e  fo rm a t io n  o f  
in d e n y lid e n e - 1 - a c e t ic  a c id  as a b y -p ro d u c t i n  th e  co rre sp o n d ­
in g  r e a c t io n  o f ind a n ~ l~ o n e *
W ith  5 ~ m e th o xy in d a n -l-o n e  th e  p ro d u c t o b ta in e d  by  
in t e r a c t io n  o f th e  c h lo ro e s te r  w ith  th e  c a rb o n y l group w ould
' ' ‘ ■ \ I
y ie ld  5 ~ m e th o x y in d e n y lid e n e - l-a c e t ic  a c id ,  (R e a c tio n  3r?)y 
whereas in t e r a c t io n  o f  th e  c h lo ro e s te r  w ith  th e  ( a c t iv e )
m ethy lene  group o f  th e  e n o lis e d  ke tone  w ou ld  le a d  to  th e
■ . ' ■ - . '  , 
fo rm a t io n  o f  6 -m e th o x y in d e n y lid e n e ~ l-a c e t ic  a c id ,  (R e a c tio n  16)* -
When 5~m ethoxy indan~ l-one  was s u b s t i tu te d  f o r  in d a n -1 -  
one i n  th e . r e a c t io n  w ith  e th y l  c h lo ro a c e ta te  under th e  in f lu e n c e  
o f  p o ta ss iu m  t - b u to x id e , a c r y s t a l l in e  compound se p a ra te d  
fro m  th e  u n d is t i l l e d  r e a c t io n  p ro d u c t*  U lt im a te  a n a ly s is  
and q u a l i t a t iv e  t e s t s  (E x p t. 18) in d ic a te  th a t  t h i s  i s  b e s t
fo rm u la te d  as e th y l  c* -o x o - 5 ~ m e th o x y in d a n y l- l-a c e ta te .
I t  i s  o f  in t e r e s t  t h a t  t h i s x - o x o e s t e r  ( is o m e r ic  
w ith  th e  expected  g ly c id ic  e s t e r )  sh ou ld  he form ed in  a 
p re p a ra t io n  w h ich  was n o t d i s t i l l e d ,  as th e  u s u a l e x p la n a t io n  
f o r  th e  fo rm a tio n  o f such e s te r s  as b y -p ro d u c ts  o f  th e  
Darzens r e a c t io n  i s  th a t  th e  g ly c id ic  e s te r^u n d e rg o e s  th e  
is o m e r ic  change a t th e  h ig h  te m p e ra tu re  re q u ire d  f o r  t h e i r  
d i s t i l l a t i o n .  .
C la is e r i h y d r o ly s is  o f  th e  n o n ^ c r y s ta l l in e  re s id u e  
fro m  t h i s  c r y s t a l l i n e  e s te r  gave a s in g le  a c id  ( re d  
co loured)., re s e m b lin g  in d e n y l id e n e - l- a c e t ic  a c id .  T h is  
a c id  (C^-jHgO .CO^H) was p ro ved  to  be 5 “ & e th o x y in d e n y lid e n e - l-  
a c e t ic  a c id  b y  th e  fo l lo w in g  e x p e rim e n ta l o b s e rv a t io n s j-
(a )  I t s  u l t r a - v i o l e t  a b s o rp t io n  was s im i la r  to  th a t
o f  in d e n y l id e n e - l- a c e t ic  a c id  w ith  th e  expected  b a th o ch ro m ic  
and hype rch rom ia  s h i f t  o f  th e  two a b s o rp tio n  maxima caused 
b y  th e  m e th o xy l g roup  (D orfm an, Chem. R e v . , 1953? 53? 4 7 ) .
(b ) The o r ie n ta t io n  o f  th e  a c id  was a s c e r ta in e d  by 
h y d ro g e n a tio n  (4H) to  th e  m e th o x y in d a n -1 -a c e tic  a c id .  T h is  
was id e n t i f i e d  by re fe re n c e  to  u n e q u iv o c a l 5 ~m ethoxy indan- 
1 - a c e t ic  a c id  p re p a re d  by h y d ro g e n a tio n  ( 2 H) o f  th e  d eh yd ra te d
Rief o rm atsky r e a c t io n  p ro d u c t fro m  5 ” m e th o xy in d an ~ l~ o ne ,
i (o r' -
(R e a c tio n  I? ’)*  f k e  method used f o r  th e  o r ie n ta t io n  seemed
p re fe ra b le  t o  th e  d i r e c t  com parison o f  th e  p a r t i a l l y
reduced ( 2 H) in d e n y l id e n e - l- a c e t ic  a c id  w ith  th e  d eh yd ra te d
R e fo rm a tsky  r e a c t io n  p r o d u c t b e c a u s e  o f  th e  p o s s ib le
d if fe r e n c e  i n  p o s i t io n  o f  th e  o le f l n ic  d o u b le -b o nd *
(c )  The i d e n t i f i c a t i o n  o f  th e  in d e n y l id e n e - l- a c e t ic
a c id  as th e  5 (and n o t th e  6  )-m e thoxy  compound in d ic a te d
th a t  th e  r e a c t io n  le a d in g  to  i t s  fo rm a t io n  must have
o ccu rre d  by  in t e r a c t io n  o f  th e  c h lo ro e s te r  W ith  th e
\ 4*
c a rb o n y l g ro u p , (as i n  R e a c tio n  ±5*).
The Darzens co n d e n sa tio n  o f  6 -m e th o xy in d a n -l^o n e , 
w ith  e th y l  c h lo ro a c e ta te  (E x p t,  2 3 ) - d id  n o t y ie ld  a c r y s t a l l in e  
p ro d u c t b e fo re  d i s t i l l a t i o n .  E v o lu t io n  o f  gas o ccu rre d  
when th e  crude  m a te r ia l  was d i s t i l l e d .  The c o lo u r le s s  
c r y s t a l l in e  e s te r  w h ich  se p a ra te d  on th e  d i s t i l l a t e  gave 
on C la is e n  h y d r o ly s is  6 -n e th o x y in d e n y lid e n e -1 -a c e t ic  acid?.*
T h is  a c id  (C^^H^O.CO^H) showed th e  same ty p e  o f  u l t r a ­
v i o l e t  a b s o rp t io n  as 5 ~ m e th o x y in d e n y lid e n e - l-a c e t ic  a c id v
b u t w ith  d i f f e r e n t  X and lo g &  , The d i s t i n c t  n a tu remax, D
o f  th e se  m e th o x y in d e n y lid e n e a c e tic  a c id s  was f u r t h e r  shown by
th e  m ixed m e lt in g - p o in t  d e p re s s io n  o b ta in e d  w ith  th e  . .
p -b ro m o-ph e na cy l e s te r s *
The fo rm a t io n  o f in d e n y l id e n e - l“ a c e t ic  a c id  as a b y ­
p ro d u c t fro m  th e  co n d e n sa tio n  o f  in d a n - l-o n e  w ith  e th y l 
c h lo ro a c e ta te  re q u ire s  th e  rem ova l o f  a hydrogen  atom fro m  
each o f th e  m ethy lene  groups o f  th e  five -m em bered  r in g *  
Replacem ent o f  b o th  hydrogen  atoms o f  one o f  th e se  groups 
b y  a lk y l  r a d ic a ls  w ou ld  th e re fo re -  be expected  to  p re v e n t 
t h is  r e a c t io n  ta k in g  p la c e *  The in t e r a c t io n  o f  2 , 2 -d im e th y l-  
in d a n - l^ o n e  w ith  e th y l  c h lo ro a c e ta te  in  th e  p resence  o f  
p o ta ss iu m  t - b u to x id e  was th e re fo re  in v e s t ig a te d *  Under th e  
c o n d it io n s  found  s u ita b le  f o r  in d a n - l-o n e  and th e  m ethoxy indan  
- 1 -ones th e  m ain p ro d u c t w ith  th e  d im e th y lin d a n - 1 -one was 
unchanged ke to n e *  The s m a ll q u a n t i t y  o f  co n d e n sa tio n  p ro d u c t 
gave a p u rp le  c o lo u r  w i th  f e r r i c  c h lo r id e ,  b u t d id  n o t g iv e  
th e  c o lo u r  change on tre a tm e n t w ith  a lc o h o l ic  a l k a l i  observed 
w ith  th e  e s te r  A* C la is e n  h y d r o ly s is  y ie ld e d  a m ix tu re  o f 
a c id s  (w h ich  gave no c o lo r a t io n  w ith  f e r r i c  c h lo r id e )  from  
w h ich  was is o la te d  a s m a ll q u a n t i t y  o f  a c r y s t a l l i n e  a c id  y  
show ing no im m edia te  c a rb o n y l r e a c t i o n s *  The u l t r a - v i o l e t  
sp ec tro g ram  showed o n ly  end a b s o rp tio n  at. 220 myx . The 
p -b rom ophenacy l e s te r  ana lysed  s a t i s f a c t o r i l y  f o r  th e  
d e r iv a t iv e  o f  2 , 2 -d im e th y l in d a n - 1 - s p i r o - 2 ‘ - o x i r a n - ? 1 *■' 
c a rb o x y l ic  a c id *  * . . . . . . .  : :
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The a c id  gave e v e n tu a l ly ,  w i th  B ra d y ’ s re a g e n t,, a 
y e llo w  2 ,4 -rd in itro p h e n y lh y d ra z o n e  w h ich  was, when f r e s h ly  
p re p a re d , c o m p le te ly  s o lu b le  in  aqueous p o ta ss iu m  hydrogen 
c a rb o n a te . Rearrangem ent to  th e  o c -k e to a c id  in  th e  a c id ic  
re a g e n t a lm o s t c e r t a in ly  accoun ts  f o r  t h i s  b e h a v io u r .
The use o f a h ig h e r  m o le c u la r  p ro p o r t io n  o f  th e  
c h io ro e s te r  and o f  th e  condensing  agent d id  n o t m a te r ia l ly  
In c re a s e  th e  y ie ld  o f  co n d e n sa tio n  p ro d u c t,  fu r th e rm o re  
th e re  was fo rm ed,, unde r th e se  c o n d it io n s ,  a h ig h  p ro p o r t io n  
o f  a l i q u id  b y -p ro d u c t w h ich  con ta m in a ted  th e  unchanged 
d im e th y lin d a n —1-one  re c o ve re d  fro m  the. p re p a ra t io n .  The m ain 
component o f  the > b y -p ro d u c t was found  to  be e th y l  e th o x y -  
a c e ta te i Tho ev id e nce  upon w h ich  t h is  c o n c lu s io n  was based . 
was a s  f o l l o w s * *
The p ro d u c t ( p r a c t i c a l l y  f r e e  fro m  h a lo g e n -c o n ta in in g  \  
m a te r ia l)  gave on h y d r o ly s is  e th a n o l (m .p* and m ixed m .p . 
o f  th e  p -n it ro b e n z o a te )  and e th o x y a c e tic  a c id  (m .p . and m ixed 
m .p* o f  th e  p -b rom ophenacy l e s te r *
T h is  e s t e r  was f i r s t  is o la te d  fro m  a c o n t r o l  e xpe rim en t 
i n  w h ich  e th y l  c h lo ro a c e ta te  a lone  was t r e a te d  w ith  
p o ta ss iu m  t - b u to x id e  under th e  c o n d it io n s  used in  th e  Darz-ens 
co n d e n sa tio n  o f  th e  ke to n e *  The p resence  o f  th e  e th o x y e s te r
as a b y -p ro d u c t o f  th e  co n d e n sa tio n  w ith , th e  d im e th y lin d a n -  
1 -one was th e n  c o n firm e d .
C le a r ly  th e  re a d y  fo rm a t io n  o f  t h i s  unexpected  b y ­
p ro d u c t l i m i t s  th e  v a lu e  o f  p o ta ss ium  t~ b u to x id e *as a 
condensing  agent i n  th e  Darzens co n d e n sa tio n  w i th  u n re a c t iv e  
k e to n e s .
It., i s  im p ro b a b le  th a t  e th y l  e th o x y a c e te te 'w a s  th e  o n ly  
e s te r  p re s e n t i n  th e  f r a c t io n s  in  w h ich  i t  was d e te c te d ., 
b u t i t  was c e r t a in ly  th e  m a jo r component. I t s  fo rm a tio n  
must have o c c u rre d  by  a s e r i e s  o f  r e a c t i o n s ,
ClCH2 ,C02E t + KOC(CH3 ) 5    -» C1CH2 ,C02 C(CH5 ) 3  + KOEfc
ClCH2 ..C02E t + KOEfc — — » Eb00H2 .C02 Eb.
The i d e n t i f i c a t i o n  o f  th e  r e a c t io n  p ro d u c ts  o f  th e  
b a s e -c a ta ly s e d  co n d e n sa tio n  o f  e th y l o h lo ro a c e ta te  w ith  
in d a n - l-o n e  and s u b s t i tu te d  in d a n - l-o n e s  prom pted an 
in v e s t ig a t io n  o f  th e  c o rre s p o n d in g  r e a c t io n  w ith  phenyl- j8  -  
p h e n y le th y l k e to n e . The env ironm ent o f  th e  ca rb o n y l, g roup 
i s  s im i la r  i n  th a t  th e re  i s  on th e  one hand a tta ch m e n t d i r e c t  
to  an a ro m a tic  n u c le u s , and on th e  o th e r  a tta ch m e n t v ia  saa 
m e th y le n e  g roups. The fo rm a t io n  o f  an <X, y  - d ie n o ic  a c id  
b y  a s e r ie s , o f  re a c t io n s  analogous to  th a t  in v o lv e d  i n  the-
The p ro d u c t o f  th e  Darzens co n d e n sa tio n  o f  p h e n y l j2> -  
p h e n y le th y l k e to n e *  u n l ik e  th a t  fro m  indan-< l~one , gave no 
ev idence  o f  th e  fo rm a t io n  o f  an sx -  o x o e s te r as a b y ­
p ro d u c t o f  th e  condensa tion ., and th e  e s te r  o b ta in e d  d id  
n o t e x h ib i t  any c o lo u r  r e a c t io n  w ith  sodium  h y d ro x id e .
I t  d i s t i l l e d  a lm o s t e n t i r e l y  o ve r a narrow  b o i l in g - p o in t  
range  ( 1 6 6 - 1 6 7 ° / 0 . 5  mm,)* Ik e  sodium  s a l t  o b ta in e d  by  
C la is e n  h y d ro ly s is  o f  t h i s  e s te r  was r a th e r  s o lu b le  i n  * 
e th a n o l,  b u t th e  d e r iv e d  a c id  r e a d i ly  underw ent d e c a rb o x y la t io n  
to  g iv e  a h ig h  y ie ld  o f  2 ,4 - d ip h e n y lb u ta n - l - a l ,  I t  was 
observed th a t  t h i s  a c id  underw ent d e c a rb o x y la t io n  on h e a t in g  
more r e a d i ly  th a n  d id  c * -h y d ro x y - in d e n y l~ a c e t ic  a c id ,  e .g .  
e v o lu t io n  o f  ca rbon  d io x id e  commenced on h e a t in g  an aqueous 
s o lu t io n  o f  th e  a c id .  The u l t r a - v i o l e t  a b s o rp t io n  sp ec tro g ram  
o f  th e  a c id  showed o n ly  end a b s o rp tio n , a t  <220 . There
was th e re fo re  no e v id e nce  f o r  th e  p resence  o f  s u b s t i t u t io n  
d e r iv a t iv e s  o f  e i t h e r  s ty re n e  o r  c inn a m ic  a c id .
fo rm a t io n  o f  in d e n y l id e n e - l- a c e t ic  a c id  fro m  in d a n - 1 -one 
i s  th e r e fo r e  p o s s ib le .
C02H
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The s y n th e s is  o f e th y l  in d a n y lid e n e - l-a c e ta te  was 
a ttem pted  v ia  a R eform atsky re a c t io n  on in d a n - l-o n e , to  
p ro v id e  a re fe re n ce  compound f o r  experim ents in v o lv in g  
re d u c t io n  o f the e s te r  A, and to  lea d  th ro u g h  e p o x id a tio n  
to  a u th e n tic  e th y l in d a n - l - s p ir o - 2 f - o x ir a n - 3 1-c a rb o ::y la to *  ' .
The R eform atsky re a c t io n  w ith  e th y l brom oaeetate had been 
p re v io u s ly  d e sc rib e d  by Yon Braun, D anziger and K o e h le r 
(B e r . . 1 9 1 7 , £0 , 5 6 ) who fo u n d 'th a t  the  in te rm e d ia te  h yd ro xy - 
e s te r  underwent d e h y d ra tio n  on d i s t i l l a t i o n .  They reco rded  
th a t  a lk a l in e  h y d ro ly s is  o f th e  u n sa tu ra te d  e s te r  le d  to  the  
fo rm a tio n  o f  an a c id -a n d  a lk a l i - s o lu b le  r e s in ,  and th a t  
h y d ro ly s is  w ith  d i lu t e  s u lp h u r ic  a c id  gave 1 -m e th y lin de n e  
as the  main p ro d u c t w ith  a sm a ll amount o f  an a lk a l i - s o lu b le  
p ro d u c t, m .p. 8 5 - 8 6 ° ,  cons idered  to  be in d a n y l id e n e - l-a c e t ic  
a c id , The u n sa tu ra te d  e s te r  prepared in  the  p re sen t s e r ie s  
o f  experim ents was h yd ro lyse d  by the  method o f  C la ise n  to  
g ive  the  c r y s ta l l in e  u n sa tu ra te d  a c id , m .p, 9 5 - 9 6 ° ,  w ith  
e v o lu t io n  o f  carbon d io x id e  a t  1 5 0 ° ,  (B x p t, 3 1  )* H ydrogena tion  
o f  the e s te r . fo l lo w e d  by h y d ro ly s is  gave in d a n - l- a c e t io  a c id , 
m ,p. 61 -62°, The a b s o rp tio n  o f  the u n sa tu ra te d  a c id  i n  th e  
u l t r a - v io le t  (\m ax, l o £ £  4 . 0 ,5 ) was reasonab ly
c lose  to  th a t  o f  /s  -m e th y lc in n a m ic  a c id  (X max. 260m/** l o g ^  
4 . 1 7 ) i&  w hich  the  c a rb o x y l group must be con juga ted  w ith
t 38 -
Ancillary experiments* .
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th e  a ro m a tic  n u c le u s ,V .
The e p o x id a t io n  o f  a number o f  cx -u n s a tu ra te d  e s te rs  
has been d e s c r ib e d  b y  MacPeek, S ta re h e r,. and P h i l l i p s  
(£ * Amer, Chem. Soc. , 1959 1 8 1 , 6 8 0 ), The method re q u ire s  
an e la b o ra te  e x p e r im e n ta l p ro ced u re , and co u ld  n o t bo 
u n d e rta k e n . In s te a d ,  th e  method a tte m p te d  had been used 
i n i t i a l l y  f o r  th e  e p o x id a t io n  o f  -u n s a tu ra te d  k e to n e s , 
(use o f  a lk a l in e  hyd rogen  p e ro x id e  a t  0 ° )$  I t  d id  n o t  y ie ld  
any s in g le  i d e n t i f i a b l e  p ro d u c t i n  s u b s ta n t ia l  q u a n t ity , ,  
and th e  in v e s t ig a t io n  was d is c o n t in u e d , (E x p t.  3 2 ) .
I t  i s  now r e a l is e d  th a t  t h i s  p ro je c te d  ro u te  to  th e  
OC,|S -e p o x y e s te r  i s  n o t p o s s ib le .
S ince  t h i s  w ork was com ple ted  p u b l ic a t io n s  by T a y lo r  
( J ,  1980,, 2805)),. and by  Ahmed and Cam pbell ( J ,  , I9 6 0 , 4-115) 
have in d ic a te d  th e  p r o b a b i l i t y  o f  th e  u n s a tu ra te d  a c id  b e in g  
in d e n y l-3 ^ a c e t ic  a c id .  T h e ir  ev idence  f o r  th e  e n d o c y c lic  
r a th e r  th a n  th e  e x o c y c lic  p o s i t io n  o f  th e  dou b le -b o nd  was 
as f o l lo w s : —
(a )  The a b s o rp t io n  spectrum  o f  th e  a c id  was v e ry  
s im i la r  to  t h a t  o f  ind e ne  ( /\m a x , 2'53hi\> 1 4 *0 )  * ©ncl
th e  a c id  was id e n t ic a l  w i th  th a t  p re p a re d  b y  th e  re d u c t io n !  o f
40 —
In d e n y l id e n e - l- a c e t ic  a c id  ( o f .  T h ie le  and R d d ig e r , A n n a le n , 
1 9 °6 , 3 4 7 , 282*.
(b )  I t  fo rm ed a c o lo u r le s s  a c y l u re a  w i th  d i( p -d im e th y l  
am inopheny l) c a rb o d i- im id e , and i t  form ed an a n is y lid e n e  
d e r iv a t iv e .
B o th  groups o f  w o rke rs  fo u n d , c o n tra ry  to  th e  reco rd e d  
o b s e rv a tio n s  o f  von B ra un , th a t  th e  u n s a tu ra te d  a c id  c o u ld  
be o b ta in e d  fro m  th e  e s te r  by  a lk a l in e  h y d r o ly s is .  The y ie ld  
o f  th e  a c id  o b ta in e d  was s im i la r  to  th a t  fo u n d  i n  th e  
p re s e n t w o rk (e xp e rim e n t 31) i n  w h ich  th e  h y d r o ly s is  was
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c a r r ie d  o u t by  th e  method o f  C la isen*.
The in v e s t ig a t io n  o f  th e  hydrogen io d id e  re d u c t io n  o f  
th e  e s te r  A was u n d e rta ke n  in  an u n s u c c e s s fu l a tte m p t to  
o b ta in  ev idence  th a t  e th y l  I n d a n - l - s p i r o - 2 1- o x i r a n - 3 r 
c a rb o x y la te  was th e  p r in c ip a l  component o f  t h i s  e s te r .
The e x p e rim e n ta l p ro ce d u re  was d e s c r ib e d  by Darzens 
f o r  th e  re d u c t io n  o f  e th y l  ,[■& “ d im e th y lg ly c id a te  to  e th y l  
[5 - d im e th y la c r y la te  ( Compt. re n d . Acad, S c i , P a r is # 1910
150, 124.3), The y ie ld s  were n o t re c o rd e d , b u t i t  was
s ta te d  th a t  th e  r e a c t io n  was a g e n e ra l one f o r  th e  c o n v e rs io n  
o f  g ly c id ic  a c id s  in t o  oc , ( 5  -u n s a tu ra te d  a c id s ,  Newman and
M a g e r le in  ( O rg . R e a c t io n s , V , p . 423) re c o rd  th e  r e a c t io n  
as a method o f p re p a ra t io n  o fc *  ,/5 -u n s a tu ra te d  a c id s ,, and 
suggest th a t  i t  m ig h t be deve loped  in t o  a p ro ce d u re  f o r  th e  
q u a n t i t a t iv e  a n a ly s is  o f  g ly c id ic  e s te rs#
In  th e  a p p l ic a t io n  o f  t h i s  r e a c t io n  to  th e  e s te r  A i t  
was in te n d e d  to  h yd ro g e n a te  th e  p ro d u c t and to  compare 
th e  h yd rogena ted  a c id  w ith  a u th e n t ic  in d a n - l - a c e t ic  ac id#
T h is  w ou ld  have e lim in a te d  any d if fe r e n c e  betw een th e  
u n s a tu ra te d  a c id  d e r iv e d  fro m  th e  re d u c t io n  p ro d u c t o f  th e  
e s te r  A and th e  a u th e n t ic  a c id  p re p a re d  by  th e  d e h y d ra t io n  
o f  th e  R e fo rm a tsky  r e a c t io n  p ro d u c t o f  in d a n - l- o n e * a 
d if fe r e n c e  w h ich  c o u ld  have a r is e n  fro m  th e  fo rm a t io n  o f  
g e o m e tr ic  isom ers  o r  isom ers  d i f f e r i n g  in  th e  p o s i t io n  o f  th e  
d o u b le -b o n d .
The f r e e  Io d in e  form ed i n  th e  re a c tio n :, was removed b y  
th e  w ash ing p ro ce d u re  d e s c r ib e d  by  D a rze n s , b u t t h i s  le d  to  
th e  fo rm a t io n  o f  an e th e r - s o lu b le  s u lp h u r -c o n ta in in g  b y ­
p ro d u c t w h ich  in h ib i t e d  c a t a ly t i c  h y d ro g e n a tio n  o f  th e  
d i s t i l l e d  r e a c t io n  p ro d u c t .  Repeated w ash ing  o f  th e  e th e re a l 
s o lu t io n  o f  th e  r e a c t io n  p ro d u c t w i th  aqueous sodium  hydrogen  
c a rb o n a te , and r e c r y s t a l l i s a t io n  o f  th e  a c id  o b ta in e d  by  
h y d ro ly s is  o f  th e  r e a c t io n  p ro d u c t , f a i le d  to  remove
c o m p le te ly  th e  s u lp h u r -c o n ta in in g  c o n ta m in a n t. The p resence  
o f  t h i s  co n ta m in a n t was co n s id e re d  a t  th e  t im e  to  be due to  
th e  im c ta th e t ic a i open ing  o f  th e  o x ira n  r in g  o f  unreduced 
g ly c id ic  e s te r  by sodium  hydrogen  s u lp h ite  ( c f *  S u te r  and . 
M ilne ., J . Amer. Chem. Soc. , 1943, § 3 , 5 8 2 ). A m ore'
p ro b a b le  e x p la n a t io n  i s  t h a t  I t  was form ed by  in t e r a c t io n  
o f  th e  sodium  hydrogen  s u lp h ite  w ith  e th y l  ^ -h y d ro x y - in d e n y l-  
l - a c & ta te ,  o r w ith  th e  hydrogen  io d id e  a d d it io n  compound o f  ,: 
t h i s  e s te r *  The l i b e r a t io n  o f th e  io d in e  when th e  washed 
r e a c t io n  p ro d u c t was d i s t i l l e d  was a lm ost c e r t a in ly  due to  
th e  d e co m p o s itio n  o f  th e  r e s id u a l hydrogen  io d id e  a d d it io n  
compound o f  th e  e s te r *  Hydrogen h a lid e s  r e a d i ly  undergo 
a d d it io n  to  s u b s t i tu te d  in d e n e s* • th e  method is  used f o r  
th e  p re p a ra t io n  o f  l~ c h lo ro in d a n e  ( O rg. S y n th *-, C o l l*  V o l.
I I .  326)^ and th e  r e a c t io n  between indene  and hydrogen  
io d id e  i s  e x o th e rm ic . Io d o in d a n e  undergoes d e co m p o s itio n  
on d i s t i l l a t i o n  (C o u r to t and D o n d e lin g e r , Compt * re n d , Acad. 
S c i . P a r is # 1924, 1 7 9 1 1 6 8 ).
The low  y ie ld s  o f  ^ -m e th y lc in n a m ic  a c id  o b ta in e d  
when t h i s  method o f  r e d u c t io n  was a p p lie d  to  e th y l  /3 -m e thy l ~
/S -p h e n y l g ly c  id  a te  (E xp t*. 34 a ) ,  w ith  ev idence  o f  th e  
p resence  o f  b o th  c o v a le n t ly  bound io d in e  and s u lp h u r  i n  th e  
washed r e a c t io n  p r o d u c t in d ic a t e d  th a t  th e  r e a c t io n  was more
-  43 ~
c o m p lic a te d  i n  th e  case o f  th e  compounds examined than .w a s  
found  b y  Darzens w ith  e th y l  B  , f t  - d im e th y lg ly c id a te .
The chromous c h lo r id e  re d u c t io n  h i t h e r t o  re p o r te d  o n ly  
f o r  -epoxyke tones  (C o le  and J u l ia n ,  J , Org. -Chem. , 1954, 
19 r  131) was found  to  be a p p lic a b le  to  e th y l  f t  -m e th y l-  f t  . -  
p h e n y lg ly c id a te ,. when /3 -me r  hylic innam ic  a c id  was o b ta in e d f 
( E x p t , . 34 b ) .  N e v e rth e le s s  th e  y ie ld  (2 2 ° /0 , i n  com parison  
w ith  1 4 ° /0 b y  hydrogen  io d id e  re d u c t io n )  was co n s id e re d  
to  be to o  low  to  be o f  v a lu e  as s t r u c t u r a l  ev idence  i n  th e  
in v e s t ig a t io n  o f  unknowns. The method was n o t th e re fo re  
used w ith  th e  e s te r  A,
The re d u c t io n  o f  th e  e th y l  (3-m e th y IL - /S -p h e n y lg ly c id a te  
w ith  z in c  and a c e t ic  a c id ,  w h ich  by  com parison  w ith  th e  
re d u c t io n  o f  sym-d ib e n z o y l e th y le n e  o x id e  to  sym-d ib e n z o y l— 
ethane (L u tz  and W ild e r ,  J* Amer. Chem. Soc. , 1 9 3 4 ,  56,. 2065) 
w ou ld  have been expected  to  y ie ld  f t  -p h e n y lL -n -b u ty r ic  a c id ,, 
gave a v e ry  low  y ie ld  o f  ^ - n e th y lc in n a m ic  a c id , ( E x p t .  34 c ) .  
R e d u c tio n  w ith  re d  phosphorus and io d in e  d id  n o t y ie ld  a 
c r y s t a l l in e  p ro d u c t ,  (E x p t.  34 d ) .
\ \ . - • .
P re p a ra tio n  o f  th e  ke ton e s  used i n  t hese e xpe rim en ts  *
(a ) In d a n - l-o n e *  T h is  may be p re p a re d  b y  th e  F r ie d e l -  
C ra f ts  in t ra m o le c u la r  c y c l is a t io n  o f  (S -p h e n y lp ro p io n y l 
c h lo r id e  ( In g o ld  and Thorpe,. J* 1919? 143)? b y  th e  o x id a t io n  
o f  l.-c h lo ro in d a n e  ( O rg* S y n th #., C o ll*  Vol# I I .  p *3 2 6 ) and
by  th e  c y c lo d e h y d ra t io n  o fyS -p h  e n y lp r  op io n ic  ac id#  The .
re a d y  p re p a ra t io n  o f  th e  p u re  ketone: on a r e l a t i v e l y  la rg e  
s c a le  by  c y c lo d e h y d ra t io n  o f  th e  f r e e  a c id  w ith  p o ly p h o s p h o r ic  
a c id  made t h is  th e  p re fe r re d  method i n  th e  p re s e n t in v e s t ­
ig a t io n , .  (A rcus and B a r r e t t ,  J # , 1958,- 2740)#
(b )  5 *"m e th o xy in d an -l-on e * P re p a ra tio n s  by  th e  
o x id a t io n  o f  5“ m e th o xy in d a n e , and by th e  F r ie d e l~ C ra fts =  
c y c l is a t io n  o f  ;3 -(m -m e tho xyph e ny l) p ro p io n y l.  c h lo r id e  have 
been d e s c r ib e d  (Johnson e t a l * , J* Amer* Ohem* Soc* , 1944? © . 
66 218v 1949, 21 > 1092).* W ith  th e  method o f  B ir c h ,
Q uartey  and S m ith , ( J . ? 1952 , 1768) u s in g  c y c lo d e h y d ra tio m
o f  0 -(m -m e th o xyp h e n y l) p ro p io n ic  a c id  w ith  p o ly p h o s p h o ric  . 
a c id  a t  130° f o r  15 m in u tes  th e  ke to n e  i s  o b ta in e d  as 
c re a m -co lo u re d  n e e d le s , m .p* 108° ,, (65 &/t> ) *  A b e t t e r
y ie ld  ( 8 5 ^ )  o f  th e  c y c lo d e h y d ra t io n  p ro d u c t i s  re p o r te d  .
b y  U h lig  ( Angew* Ohem* 1954, 6 6 , 435? D is s e r ta t
U n iv e rs  L e ip z ig , 1954 ) ,  b u t no d e ta i ls  a re  g iven .
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o f  lo s s e s  in  s e p a ra t in g  th e  5“ methoxy is o m e r, S in ce  in  
p r a c t ic e  th e  l a t t e r  method y ie ld e d  th e  ke to n e  co n ta m in a ted  
w ith  th e  u n re a c te d  o rg a n ic  a c id ,  m o d if ic a t io n s  o f  th e  
p ro ce d u re  were in v e s t ig a te d *  An o v e r a l l  y ie ld  o f 6 0 %  o f  
th e  5~methoxy isom er was e v e n tu a lly  o b ta in e d ?  s e p a ra t io n  
fro m  th e  s im u lta n e o u s ly  fo rm ed 7-m ethoxy isom er was 
a ch ie ved  b y  re p e a te d  ro  c r y s t a l l i s a t io n *
( c )  6~m ethbxy in d a n - l-o n e *  P re v io u s ly  p re p a re d  fro m  
6 - n i t r o in d a n - l- o n e  ( In g o ld  and P ig g o t t , j r .  , 1923, 1469) 
o r  by  th e  in t e r n a l  F r ie d e l- C r a f t s  c y c l is a t io n  o f  f t - (p -m e th o x y -  
p h e n y l)  p ro p io n y l c h lo r id e  (Johnson and G lenn ,, l o c . c i t . ) . , t h e  
ke to n e  has a ls o  been p re p a re d  by c y c lo d e h y d ra t io n  o f  $ - (£ - *  
m e thoxypheny l) p ro p io n ic  a c id  ( U h l ig ,  l o c . c i t * ) *  The 
c o n d it io n s  used i n  th e  l a t t e r  m ethod, "one p a r t  o f  th e  a c id  i n
10-30  p a r ts  o f  p o ly p h o s p h o r ic  a c id  a t 60° f o r  50 m im ite s " , 
were v e ry  m ild  f o r  t h i s  r e a c t io n ,  and th e  p ro d u c t was found  
to  be co n ta m in a ted  w ith  a h ig h  p ro p o r t io n  o f  a c id ic  m a te r ia l  
and th e  y ie ld  o f  th e  c y c l ic  ke to n e  was p o o r . In  t r i a l  
e xpe rim en ts  to  a s c e r ta in  th e  optimum c o n d it io n s  f o r  th e  
fo rm a t io n  o f  th e  c y c l ic  ke to n e  i t  was found  b e s t to  use th e  
p o ly p h o s p h o r ic  a c id  a t  a te m p e ra tu re  s l i g h t l y  above th e  
m e lt in g - p o in t  o f th e  o rg a n ic  a c id .  A t lo w e r te m p e ra tu re s  
t h i s  a c id , even though  f i n e l y  p o w d e re d d o e s  n o t r e a d i ly  
pass in t o  s o lu t io n  in  th e  p o ly p h o s p h o ric  a c id *  The y ie ld
o b ta in e d  was about 30*%  (U h lig  re c o rd s  8 0 -9 0 % )#
■(d) 2 *2 -d im e th y lin d a n - r l-Lone was p re p a re d  b y  th e  
co n d e n sa tio n  o f  m e th y l io d id e  w ith  in d a n - l-o n e  i n  th e  
p resence  o f  p o ta ss iu m  t “ b u to x id e  (M ousseron, J a c q u ie r  and 
C h r is t o l , B u l l # Soc* ch im * .Fra n c e ,. 1957 i 3 4 6 ). The 
g ra d u a l a d m ix tu re  o f  th e  re a c ta n ts  w ith  adequate c o o lin g  
as d e s c r ib e d  i n  e xp e rim e n t (24 ) was n ece ssa ry  i n  o rd e r  to  
c o n t r o l  th e  h ig h ly  e xo th e rm ic  re a c tio n #
(e )  Phenyl 2 -p h e n y le th y l ke tone  was p re p a re d  by th e  
p u b lis h e d  method o f  Adams * Kern  and S h r in e r  ( Q rg* Syn th*. 
C o l l .  V o l . '  I ,  2nd Edn * , p .  101),
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M e lt in g -p o in ts  are c o rre c te d . 1 L ig h t p e tro le u m 1 r e fe r s
to  the  f r a c t io n  o f  h o i l in g - p o in t  60-80° u n le ss  o the rw ise  
s ta te d : - ^ n ic k e l  c a ta ly s t*  to  th e  B*D*H. s ta b i l is e d  Raney 
n ic k e l :  and ‘a lc o h o l1 to  in d u s t r ia l  m e th y la ted  s p i r i t .
*P o lyphosphoric  a c id * r e fe r s  to  the  p ro d u c t f r e s h ly  
p repared by d is s o lv in g  phosphorus pen tox ide  i n  an equa l 
w e ig h t o f  syrupy p hospho ric  a c id  (Arcus and B a r re t t ,
J * , 1958, 2740), U l t r a v io le t  s p e c tra  were determ ined f o r  
e th a n o l s o lu t io n s ;  lo g £  in  paren theses, fo l lo w s  X  max*
( 1 ) In d a n -l - one. -  T n is  was prepared  by th e  c y c lo ­
d e h y d ra tio n  o f  3 -p h e n y lp ro p io n ic  a c id  u s in g  th e  method o f  
Arcus and B a r re t t  ( lo c . c i t . ) .
(2 ) in te r a c t io n  o f  indan- l - one w ith  e th y l
c h lo ro a c Q ta te fTO (a ) In  the  presence o f sodamid e i The 
method used was th a t  d e sc rib e d  f o r  the  p re p a ra tio n  o f  e th y l 
yS-methylTO$r-phenylgiycidate from  acetophenone by A lle n
and Van A lla n ,  (O rg. S y n th ., C o ll.  V o l. I l l ,  p,727)«
From in d a n - l-o n e  ( 3 3  g . ) ,  and sodamide (1 1 .8  g . ) ,  a 
p ro d u c t was o b ta ined  w hich on d i s t i l l a t i o n  gave two 
f r a c t io n s  ( i )  b .p ,  8 9~ 90°/2 ,5  mm, (7 m l. ) ,  and ( i i )  b .p .
1 47 -153°/2 *5  min* (7 m l; ) .  There was a co n s id e ra b le  
q u a n t ity  o f  n o n -v o la t i le  t a r .  F ra c t io n  ( i )  c r y s ta l l is e d  
on c o o lin g  and ifas found to  be in d a n - l-o n e  (m.p* and 
m ixed m.p* 42°. a f t e r  r e c r y s t a l l i s a t io n ) .  F ra c t io n  ( i i )  
was a y e llo w  v isco u s  l i q u id  a t room tem pera tu re  w hich 
s lo w ly  darkened on exposure to  a i r .  M a te r ia l subsequently
ob ta ined  was s to re d  under n it ro g e n . Th is  experim ent was
repea ted  fo u r  tim es w ith  th e  fo l lo w in g  m o d if ic a t io n s
( I )  th e  condensa tion  was c a r r ie d  ou t under d ry  n it ro g e n , 
and ( l l )  the  m o le cu la r p ro p o r t io n s  o f  e th y l o h lo ro a c e ta te  
and o f  sodamide were each increased  to  1 .5 * The y ie ld  o f  
th e  y e llo w  o i l  was n o t th e re b y  m a te r ia l ly  in c re a se d . The 
y e llo w  o i l  was shown to  be contam inated w ith  a sm a ll amount 
o f  in d a n - l-o n e , (m .p. and mixed m .p. o f  the  2 ,4 -d in i t r o p h e n y l-  
hydrazone 256° ) *
Methods f o r  the  rem oval o f  in d a n - l-o n e  from  the 
p re p a ra tio n  were in v e s t ig a te d , (c a ) The fo rm a tio n  o f  a 
b is u lp h ite  a d d it io n  compound w ith  in d a n - l-o n e  to o k  p lace  
s lo w ly  and was incom p le te  a f t e r  24 hours* In d a n -l-o n e  was . 
l ib e ra te d  when th e  b is u lp h i te  a d d it io n  compound was d is s o lv e d  
. in  w a te r. Th is  d id  n o t seem th e re fo re  a s u ita b le  method.
( f t )  Condensation o f  carboxy-methoxyam ine w ith  in d a n - l-o n e  
( c f .  Anchel and Schoenheimer, J . B io l . Chem. f 1936, 114. 539)
was found u n s u ita b le  owing to  the  d e le te r io u s  e f fe c t  
the  ra th e r  v ig o ro u s  c o n d it io n s  re q u ire d  f o r  the  co m p le tio n  
o f  the  re a c t io n  would have had on the  g ly c id ic  e s te r  
condensation  p ro d u c t, (Y) Condensation o f  G -irard*s 
reagen t 11T11 w ith  in d a n - l-o n e  to o k  p lace  under v e ry  m ild  
c o n d it io n s  u s in g  the  method o f  B ray, (A n a ly s t, 1952, J 7 * 426)
Treatm ent o f  th e  y e llo w  o i l  w ith  t h is  la s t  reagen t 
gave a k e to n e -fre e  y e llo w  o i l ,  b .p , 143-“1 47°/2  mm,
C la ise n  h y d ro ly s is  (A lle n  and Van A lla n ,  lo c . c i t . ) o f  t h is  
was accompanied by th e  development o f  an in te n s e  p u rp le  
c o lo r a t io n .  The s a l t  o f  the a c id  separa ted  as a da rk  
green-brown d e p o s it w h ich , a f t e r  repea ted  washing w ith  
a lc o h o l and e th e r ,  was ob ta ined  as a g re y -g re e n  powder.
T h is  y ie ld e d  a n o n -c r y s ta l l in e  y e llo w  a c id  w h ich  decomposed 
a t about 180°.
A c r y s ta l l in e  semicarbazone cou ld  n o t be is o la te d  
from  th e  p ro d u c t ob ta ine d  by h e a tin g  t h is  a c id  w ith  m in e ra l 
a c id  under the  c o n d it io n s  d escribe d  by A lle n  and Van A lla n  
( lo c .  c i t . )  f o r  the  d e c a rb o x y la tio n  o f  g ly c id ic  a c id s .
The a c id  underwent d e c a rb o x y la tio n  when heated w ith  a 
m ix tu re  o f  g la ss  powder and copper powder a t  1 4 0 -1 5 0 ° /l5  mm 
( c f .  H e ilb ro n , Johnson, Jones, and S p inks, 1942, 1 2 1 ) *
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From the a c id  (0 P5 g o ), soda g la ss  powder (0 .5  g * ) ,  and 
copper powder (0 .05  g . ) ,  was ob ta ined  a p a le  y e llo w  
a rom a tic  d i s t i l l a t e  (0 .15  g. )• Th is gave a c o lo u r le s s  
c r y s ta l l in e  semicarbazone w ith  a m e lt in g -p o in t  o f  168°, 
co rrespond ing  w ith  th a t  o f  1 -fo rm y lin d a n e  (T iffe n e a u  and 
O re kh o ff, B u l l . Soc. chim. F rance . 1920, 789 ).
Treatm ent o f  the  a c id  w ith  anhydrous hydrogen 
c h lo r id e  in  e th e r  s o lu t io n ,  fo llo w e d  by e va p o ra tio n  o f  the  
s o lv e n t,  and r e f lu x in g  o f  the  re s id u e  w ith  sem icarbazide  
in  p y r id in e ,  as d esc ribe d  by Y a rn a ll and W a llis ,
(£ . Org. Ohem., 1939, 270 ) f o r  the  d e c a rb o x y la tio n  o f
g ly c id ic  a c id s , d id  n o t y ie ld  a c r y s ta l l in e  specimen o f  a 
sem icarbazonei T h is  experim ent was repea ted  a llo w in g  the  
hydrogen c h lo r id e - t re a te d  a c id  to  re a c t w ith  sem icarbazide in  
p y r id in e  f o r  24 hours a t  room te m pera tu re , in s te a d  o f 
r e f lu x in g .  A c r y s ta l l in e  sem icarbazone was n o t o b ta ined  
from  the  p ro d u c t.
The e q u iv a le n t w e igh t (180) o f  th e  a c id  determ ined by 
t i t r a t i o n  a g a in s t sodium h yd ro x id e , was d e f in i t e ly  below th a t  
c a lc u la te d  (190) f o r  in d a n - l - s p ir o - 2 , - o x ir a n -3 , - c a rb o x y l ic  
a c id . The m o le cu la r w e ig h t o f  the  e s te r  dete rm ined by 
R a s tf s method was a lso  ra th e r  lo w e r th an  th a t  c a lc u la te d  f o r
e th y l in d a n - l- s p ir o ~ 2 f - o x ir a n - 3 f -c a rb o x y la te , (200-210, 
compared w ith  th e  c a lc u la te d  va lue  218), The m e lt in g -  
p o in t  change in  th e  Hast e s t im a tio n  was f a r  le s s  w e ll-d e f in e d  
th a n  in  c o n tro l experim ents w ith  a c e ta n il id e  and naph tha lene .
(B) .Sk the  'presence o f  sodium e th o x id e . The method 
used was th a t  d e sc rib e d  by Newman and M a g e rle in  (Org. 
R e a c tio n s , V, p . 413) except th a t  the  h e a tin g  in  the  f i n a l  
s tages o f  the  condensa tion  was om itted# The co nd en s irg  
agent was prepared  a cco rd in g  to  th e  method o f  Y a rn a ll and 
W a llis  ( lo c .  c i t . ) .
From in d a n - l-o n e *  (20 g i ) *  e th y l o h lo ro a c e ta te , (23*3 g. 
and the  sodium e th o x id e  from  sodium (5 i0  g * ) ,  was o b ta ine d  a 
y e llo w  v isco u s  l i q u id ,  b .p . 1 5 0 -1 5 2 °A *5  r r n m (5*0  g. ) .
T h is  was found to  be s im i la r  to  a co rresp o nd ing  p ro d u c t o f  
the  sodam ide-induced condensation*
(c )  In  the  presence o f  potassium  t - b u to x id e . The 
e xp e rim e n ta l procedure  was based upon t l i .^0 used by Johnson, 
Belew, Ohin, and Hunt (J . Amer. Ohem. S o c .y 1953, 4995),
f o r  the  Darzens g ly c id ic  e s te r  condensation  o f cyclohexanone, 
except th a t  the  m o le c u la r p ro p o r t io n s  o f  potassium  t -b u to x id e  
and e th y l (M s ro a ce ta te  were increased  to  1 .54  anH 1 .50
-  57 -
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r e s p e c t iv e ly .  The condensa tion  was c a r r ie d  o tit in  a th re e ­
necked f la s k  w ith  a therm om eter, H ershberg s t i r r e r ,  and a 
s e p a ra t in g - fu n n e l w ith  a p re s s u re -e q u a lis in g  tu b e , 
connected by a th re e -w a y  ta p  to  e i th e r  ( i )  a p ressu re  
gauge, s a fe ty -v a lv e , and an oxygen-free  n it ro g o n  source 
d r ie d  by passage o ve r sodium hyd rox ide  p e l le t s  and s i l i c a  
g e l d ea icca n t o r  ( i i )  the  water-pump v ia  a d ry in g  ( s i l i c a  
d e s ic c a n t)  tu b e . Potassium  t-b u to x id e  was prepared by the  
method o f Johnson and Schneider,- (O rg. S y n th ., 1950*18*50).
In  a t y p ic a l  experim ent the  s o lu t io n  o f  potassium  
t-b u to x id e  from  potassium  (9 .0  g . ) in  t - b u ta n o l (220 m l. )  
was added dropw ise over a p e rio d  o f  two hours to  the  s t i r r e d  
s o lu t io n  o f  in d a n -l^o n e  (20 .3  g . ) in  e th y l c h lo ro a c e ta te  
(27 .6  g . ) a t a tem pera tu re  o f  5 -1 0°. E th e r (so d iu m -d rie d , 
25 m l . ) ,  was now added to  d im in is h  the  v is c o s i t y  o f  the  
s o lu t io n  and the  s t i r r i n g  con tinued  f o r  a f u r th e r  two hou rs , 
the  tem pera tu re  r is in g  to  about 20° d u r in g  the  f i n a l  h a l f  
hou r. The m ix tu re  was p a r t ly  evaporated on a w a te r-b a th  
a t the water-pump and the  re s id u e  e x tra c te d  w ith  e th e r  
(250 m l . ) ;  D i s t i l l a t i o n ,  u s in g  a sem i-m icro  VJi&mer column, 
o f  th e  washed, d r ie d  (magnesium s u lp h a te ) , e th e r  e x tra c t  
gave th re e  f r a c t io n s ,  th e  f i r s t ,  a c o lo u r le s s  o i l ,  
b .p .  96-97°/0#4  mm., ( 0 , l - 0 . 2 g . ) :  the  second, a p a le
y e llo w  o i l ,  b .p * 1 1 5 -H 6 ° /0 .4  mm., (0 .1 -0 *2  g*)$  and the  
t h i r d  a y e llo w  o i l ,  b .p . 1 2 0 -1 3 4 °/0 .3  mm., (13*9 g . )*
There was no fu r th e r  d i s t i l l a t e .
R e d is t i l la t io n  o f  the  m ain f r a c t io n  gave a v is co u s  
y e llo w  l iq u id ,  b .p *  1 2 0 -1 2 2 ° /0 .35 mm., (10 g * ) to g e th e r 
w ith  sm a ll f r a c t io n s  o f  b .p , 115~120°/0.35 mm* (1 .2  g, ) ,  
and b .p . 1 22 -1 4 0 °/0 ,3 5  mm, (1 ,5  g . ) .
The main f r a c t io n  o f  the  r e d is t i l l e d  p ro d u c t depos ited  
a s m a ll p ro p o r t io n  o f  c o lo u r le s s  c r y s ta l l in e  need les on 
s ta n d in g . I t  gave no p r e c ip i ta te  when tre a te d  w ith  B rady*s 
re a g e n t.
T h is  p re p a ra tio n  was repeated  many tim es  to  o b ta in  
m a te r ia l f o r  th e  subsequent in v e s t ig a t io n .  The m ain 
f r a c t io n  o f  th e  r e d i s t i l l e d  p ro du c t i s  re fe r re d  to  as th e  
e s te r  A,
(5 ) Inve  s t i  ga t i  on o f the  Darzens g iy c id io  e s te r  
condensa tion  produc t  o f  in d a n - l - one w ith  e th y l  chlo r o a c e ta te . -
(a ) H y d ro ly s is  o f  the  main f r a c t io n ,  b .p , 1 2 0 -1 3 4 °/0 .3  mm., 
(13 .5  g * ) by O la is e n ’ s method gave the  sodium s a l t  as a 
pa le  fawn powder* T h is  was tre a te d  w ith  anhydrous hydrogen
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c h lo r id e  in  e th e r  suspension as d e sc rib e d  by Y a rn a ll and 
W a llis  ( lo c . c i t . ) f o r  the conve rs ion  o f  epoxyaoid s a lt s  
in to  the  c h lo ro h y d ro x y a c id . Th is was fo llo w e d  by th e  
procedure, as d e sc rib e d  by these au th o rs  fo r  the d e c a rb o x y la tio n  
o f  the  a c id  and the  co nve rs io n  o f the  ca rb o n y l compound in to  
the  sem icarbazone.
D ry hydrogen c h lo r id e  gas was passed in to  the  m e c h a n ic a lly - 
s t i r r e d  suspension o f  the d ry  sodium s a l t  (5*3  g#) in  d ry  
e th e r  (100 m l . ) .  Tho e th e r  s o lu t io n  was p a r t ly  evaporated 
to  remove excess hydrogen c h lo r id e ,  th e  re s id u e  d is s o lv e d  
in  d ry  e th e r  (100 m l . ) ,  f i l t e r e d  from  sodium c h lo r id e ,  
and the  re s id u e  (4 .5  g # ), a f t e r  rem oval o f  the  e th e r , 
t re a te d  w ith  sem icarbazide  h y d ro c h lo r id e  (3*5  g*.) in  
aqueous p y r id in e .  No p ro d u c t co rrespond ing  to  the  sem i- 
carbazone o f  1 -fo rm y lin d a n e  cou ld  be is o la te d  from  the  
re a c t io n  m ix tu re  even a f t e r  fo u r  days a t room tem pera tu re .
(b ) The main f r a c t io n  A, gave a p o s it iv e  hydroxam ic 
a c id  te s t .  A f te r  aqueous a lk a l in e  h y d ro ly s is  o f  p a r t  o f  the  
e s te r ,  i d e n t i f i c a t io n  o f th e  a lc o h o l in  th e  d i s t i l l a t e  was 
com p lica ted  by th e  presence o f a w a te r - in s o lu b le  l iq u id .
T h is  gave a n e g a tive  re a c t io n  w ith  B ra d y 's  re a g e n t.
Treatm ent o f the  e s te r  w ith  potassium  h yd rox ide  in
d ie th y le n e  g ly c o l  (C h e ro n is , "Technique o f  O rganic 
C h e m is try ", ( In te rs c ie n c e )  V o l. V I ,  p. 54&1 gave e th a n o l 
as a p ro d u c t o f  h y d ro ly s is .  This was id e n t i f ie d  as the  
3 ,5 -d in itro b e n z o a te  (m .p .' and mixed m .p. 9 4 °)•  The y ie ld  
was c o n s id e ra b ly  lo w e r than  in  a p a r a l le l  experim ent w ith  
an e q u im o le cu la r (c a lc u la te d  fo r  the  g ly c id io  e s te r )  q u a n t ity  
o f  e th y l benzoate .
The e s te r  was h yd ro lyse d  by the  method o f C la ise n  
(B e r. . 1905, 22.j 693? A lle n  and Van A lla n ,  Org. Synth .
C o ll .  V o l. I l l ,  p . 727 ). An opaque p u rp le  s o lu t io n  was 
produced on adm ix tu re  o f  the  e s te r  w ith  an e q u im o le cu la r 
q u a n t ity  o f  sodium e th o x id e  in  e th a n o l a t  0 ° . A d a rk  
p u rp le  s o l id  g ra d u a lly  separa ted  a f t e r  the a d d it io n  o f  one 
e q u iv a le n t o f  w a te r, The m ix tu re  was a llow ed  to  s tand  
under n it ro g e n  a t room tem pera tu re  f o r  tw e n ty - fo u r  hours 
and then  coo led to  0° and f i l t e r e d .  The p r e c ip i ta te  
a f t e r  s e v e ra l washings w ith  e th a n o l and e th e r  was a p a le  fawn 
powder o f  w e igh t a p p ro x im a te ly  h a l f  th a t  o f  the  e s te r  
h yd ro lyse d . A c id i f ic a t io n  o f  the  aqueous s o lu t io n  o f  the  
s a l t  w ith  one e q u iv a le n t o f  d i lu te  (2N s u lp h u r ic  a c id  
gave a gummy y e llo w  s o l id .  Th is  on r e c r y s ta l l is a t io n  
(a lc o h o l)  separa ted  as a y e llo w  c r y s ta l l in e  s o l id  
contam inated w ith  amorphous m a te r ia l.
(c )  The fo llo w in g , q u a l i t a t iv e  re a c t io n s  j&ege 
observed.
( I )  W ith  the  e s te r  A :
( i )  I t  reduced F e h lin g 's  s o lu t io n ,  la r g e ly  to
m e ta l l ic  copper.
( i i )  I t  reduced T o lle n s *  reagen t on warm ing.
( i i i )  I t  was in s o lu b le  in  co ld  aqueous sodium 
h y d ro x id e , and gave an in te n s e  p u rp le -g re e n  c o lo ra t io n  fen 
warm ing.
( iv )  I t  was In s o lu b le  in ,  and d id  n o t g ive  these
c o lo u r changes on warming w ith ,  ammonia s o lu t io n  (d . 0 .8 8 0 ).
(v )  I t  d id  n o t fo rm  a c h lo ro fo rm -s o lu b le  oopper 
d e r iv a t iv e  w ith  cuprammoniuii. s u lp h a te .
( v i )  I t  gave an in te n s e  b u t t r a n s ie n t  g reen , n e a r ly  
b la c k , c o lo ra t io n  w ith  f e r r i c  c h lo r id e  in  a lc o h o l.
( v i i )  I t  rea c te d  e x o th e rm ic a lly  w ith  brom ine in  
carbon te t r a c h lo r id e  a t room tem pera tu re  l ib e r a t in g  
hydrogen brom ide.
( I I )  W ith  the  washed sodium s a l t  produced in  the  O la isen  
h y d ro ly s is  :
( i )  I t  was r e a d i ly  s o lu b le  in  w a te r and gave a heavy 
y e llo w  p r e c ip i ta te  s o lu b le  in  sodium hydrogen c a rb o n a te ,. t 
on a c id i f ic a t io n .
( i i )  I t  reduced F e h lin g *s  s o lu t io n ,
( i i i )  I t  d id  n o t g iv e  the  in te n se  c o lo u r  changes 
observed when th e  e s te r  was warmed w ith  sodium h yd rox id e  
s o lu t io n .
( iv )  I t  d id  n o t y ie ld  th e  in te n se  co lo u rs  w ith  f e r r i c  
c h lo r id e  observed w ith  the  e s te r .
(d) D e ca rb o xy la tio n  o f  th e  a c id  d e r iv e d  from  the  e s te r .
The a ttem pted  d e c a rb o x y la tio n  o f  the  a c id  ( i )  when
ca ta ly se d  by m in e ra l a c id s , ( i i )  by p y ro ly s is ,  and ( i i i )
a f t e r  tre a tm e n t w ith  anhydrous hydrogen c h lo r id e  gave
e s s e n t ia l ly  the  same p ro d u c ts  as were o b ta ine d  when d e a lin g
w ith  the  r e la t i v e ly  crude p re p a ra tio n s  in  experim ents
p re v io u s ly  d e sc rib e d . ( i v )  By tre a tm e n t w ith  sodium
hydrogen s u lp h ite ,  as d esc ribe d  by K o rn f ie ld  e t , a l . .
( J . Amer. Chem. S oc*.., 1956, 7§, 3087): no b is u lp h ite'****■
compound was p re c ip i ta te d  from  the  m ix tu re  o f th e  sodium 
s a l t  (1 .25  g . ) i n  w a te r (9*3  m l. ) ,  and sodium m e ta b is u lp h ite  
(6 .2  g . ) in  w a te r (1 2 .4  m l* )  a f t e r  two hours a t 25 and f o r  
fo u r  hours a t 0 ° , Furtherm ore when sodium carbonate 
s o lu t io n  was added to  p a r t  o f  the  re a c t io n  m ix tu re  no s o l id  
sepa ra ted . D i lu te  h y d ro c h lo r ic  a c id  gave an a lk a l i - s o lu b le  
gummy y e llo w  p r e c ip i ta te .
( e ) In te r a c t io n  o f  the  e s te r  A w ith  h y d ra z in e . The 
e s te r  (1 .76  g . ) ,  d i lu te d  w ith  m ethanol (1 .0  m l* ) *  was added
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p o rtio n w is e  to  h yd ra z in e  h yd ra te  (1 .5  m l. 9 8 $ ,) b o i l in g  
under r e f lu x ,  and th e  b o i l in g  con tinued  f o r  one and a q u a rte r  
hou rs . On c o o lin g , th e  p ro d u c t (1 .3  g . ) c r y s ta l l is e d  and 
a f t e r  r e c r y s t a l l i s a t io n  from  e th a n o l gave nee d le s , 
m .p. 155°, o f  the  a c id  h yd raz ide  o f  c x -h y d ro x y in d e n y l-1  (?3 )~  
a c e t ic  a c id  (Founds 0, 64.35? H, 5.9? N, 13*7*
°11H12N202 r e ^u ir e s  64 .6 5 ; H, 5.95? ,N, 1 3 .7 $ ).
The b en zy lid e ne  d e r iv a t iv e  was prepared  by add ing  
benzaldehyde (0*48 g . ) to  the  compound (0 .9 3  g . )  i n  a m ix tu re  
o f  e th a n o l (9 .0  m l . ) ,  w a te r (9*0  m l. ) ,  and a c e t ic  a c id  (13 m l . ) .  
A heavy c r y s ta l l in e  p r e c ip i ta te  was r a p id ly  d e p o s ite d .
T h is , on washing w ith  the  re a c t io n  s o lv e n t and then  w ith  
w a te r, had m .p, 155-156 (1 ,2  g * ) .  A f te r  r e c r y s t a l l i s a t io n
from  e th a n o l o r e th y l a ce ta te  th e  ben zy lid e ne  d e r iv a t iv e  
(o c ta g o n a l p la te s )  had m .pt 157° (Found: C, 73*8 ; H, 5 .5 ;
N, 9 .5 . ci 8H16N202 re(lu ir e s  7 5 .9 ; H, 5 .5 ; BT, 9 .5 $ ) .
( f )  R eduction  o f  the  e s te r  A w ith  l i t h iu m  a lum in ium  
h y d r id e „ The e xp e rim e n ta l procedure was based upon th a t
used by B i l l im o r ia  and Maclagen (J . , 1951, 3067) f o r  the  
re d u c t io n  o f  e th y l c y c lo h e k a n - l - s p ir o ^ '- o x ir a n - ^ - c a r b o x y la te  
to  l- ( 2 -h y d ro x y e th y l)  cyc lo h e xa n o l.
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The e s te r  A (10 .5  g . ) in  e th e r (10 m l. )  was added
tdropw ise over a p e r io d  o f 1 hour to  the  m e ch a n ica lly  -  
s t i r r e d  s o lu t io n  o f  l i t h iu m  alum in ium  h yd rid e  (5 .0  g . ) 
in  e th e r  (500 m l. ) , .  The m ix tu re  was s t i r r e d  f o r  2 hours 
a t  0 ° , l e f t  o v e rn ig h t, and th e  s t i r r i n g  co n tinued  f o r  1 
hour a t 10 -15°. The complex produced was decomposed by 
the  a d d it io n  o f  d i lu te  (2N) s u lp h u r ic  a c id  c o n ta in in g  
crushed ic e .  The separa ted e th e r  la y e r  was combined w ith  
th re e  ch lo ro fo rm  e x tra c ts  (100 m l. )  o f  the  aqueous la y e r ,  
washed w ith  sodium c h lo r id e  (s a tu ra te d  s o lu t io n ) , -  d r ie d  
over sodium s u lp h a te , and the  s o lv e n t removed by e v a p o ra tio n . 
A c o lo r le s s  c r y s ta l l in e  s o l id  commenced to  separa te  when the 
volume was reduced to  a p p ro x im a te ly  100 m l; The re s id u e  
(10 g . ) co n s is te d  o f  a suspension o f  c o lo r le s s  c r y s ta ls  in  
a pa le  y e llo w  v is co u s  l iq u id *  R e c r y s ta l l is a t io n  from  e th e r  
y ie ld e d  rhom bic p la te s  (4 .6  g j ) o f  in d e n v l- 1 ( ?5)-e th y le n e  
g ly c o l .  • m .p. 116° 250 u n a lte re d  by
fu r th e r  r e c r y s ta l l is a t io n  fro m  ch lo ro fo rm , from  aqueous 
a lc o h o l,  and from  l i g h t  pe tro leum . The m e lt in g -p o in t  
was undepressed on adm ix tu re  w ith  the  a u th e n tic  g ly c o l as 
prepared in  experim ent (6 ) (Found: 0, 7 5 .1 ; H, 6 ,9 ; a c t iv e  
hydrogen 1 ,0 9 , GU % 2 ^ 2  r e Hu ire s  75*0 ; H, 6 ,9 ; a c t iv e
hydrogen (2H) 1 .1 6 $ ), I t  d e c o lo r iz e d  brom ine in  carbon 
te t r a c h lo r id e ,  and reduced n e u tra l potassium  permanganate.
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A sm £llyseeond f r a c t io n  o f  t h is  compound was'«o b ta ined
• * . i ' 1 ' l- .
from  : tho  e th e re a l m o th e r- l iq u o r  o f the:; f i r s t  ' r e o r y s t a l l i s a -  
t io n ,
i * ‘ * , (
( 4 ) Mono( t r ib h e n y lm e th y l) e th e r  o f  in d e n y l- l ( ? 3 )  -  
e th v le n e -g ly c o l. -  The g ly c o l (0=67 g * ) in  p y r id in e  (3 .0  m l. )
was tre a te d  w ith  t r ip h e n y lm e th y l c h lo r id e  (0 .95  g * )*  ( o f .  
S + ik e l and H un tress , (J . Ohem. S o c ., 1941>|>£*593) •
The c le a r  s o lu t io n  was heated f o r  5 m inu tes a t  100° in  a 
s to p p e re d -tu b e , co o le d , and e x tra c te d  w ith  e th e r*  The 
re s id u e  a f t e r  e va p o ra tio n  o f  the  s o lv e n t was r e c r y s ta l l is e d  
from  m ethanol and tx fice  from  e th a n o l to  g iv e  hexagonal 
prism s o f  the  m o n o t r i ty l  e th e r . m .p. 153-154°* (0*32 g . ) 
(Found; 0, 85.9? H, 6 .3 .. G5oH26°2 r e Tu iro s  8 6 ,1 ; H, 6 .3$)#
(5 ) E th y l cy.-h v d ro x y in d e n y l- l ( ? 5 ) -a c e ta te . j -  E thy lo fe - 
o x o in d e n y l- l-a e e ta te , which e x h ib its  k e to -e n o l isom erism , 
was prepared by the  method o f  T h ie le  (B e r. , 1900, 22* 851 ).
The in te r a c t io n  p ro d u c t o f indene ( f r e s h ly  d i s t i l l e d ,  10 g . ) 
w ith  d ie th y l  o x a la te  (12 g . ) in  the  presence o f  sodium 
e th o x id e  prepared  by d is s o lv in g  sodium (2 .0  g * ) i n  e th a n o l 
(40 m l . ) was a llo w e d  to  stand a t room tem pera tu re  f o r  30 
m inu tes . The s o l id i f ie d  m ix tu re  was d is s o lv e d  i n  ic e -w a te r  
(150 m l . ) ,  and poured w ith  s t i r r i n g  in to  a m ix tu re  o f  ic e
and d i lu t e  s u lp h u r ic  a c id  (60 m l. ,  2N). E th y lSJJ
o x o in d e n y l- l(? 3 )~  a ce ta te  separa ted as an orange c r y s ta l l in e  
p r e c ip i ta te ,  m .p. 8 3 -8 6 °, (12 .5  g. ) .  R e c r y s ta l l is a t io n  
from  l i g h t  pe tro leum  gave o ra n g e -ye llo w  rhom bic p la te s  and 
aggregate n ee d le s , m .p. 8 6 -8 7 °, V a x . 2^ 2 280 ( 4 ! 9 ) ,
and 336 (4 .15 )»  The a b so rp tio n  maxima in  th e  u l t r a ­
v io le t  o f th e  a c id  o b ta ined  by O la ise n  h y d ro ly s is  o f  th is  
e s te r  were o f s im i la r  m agnitude, \ „ QV 2 4 2 (3 *9 7 ), 280 (4 .1 9 ) ,mcLX *
and 3 3 5 ^  W (4 .1 5 )*  R eduction  o f t h is  e s te r  was c a r r ie d  
o u t by the  method o f  T h ie le  and R tld ig e r, (A nn ., 1906, 347® 
275). E th y l ex -o x o -  in d e n y l- l( ? 3 ) -a c e ta te  (12*5 g . ) in  e th e r  
(1*2  1 . )  was reduced w ith  the  a lum in ium  amalgam (from  
alum in ium  75 g. )♦ Water (150 m l. )  was added over a p e r io d  
o f  6 hours and a llo w e d  to  stand o v e rn ig h t. E va p o ra tio n  
o f  the s o lv e n t from  the d r ie d ,  f i l t e r e d ,  c o lo u r le s s  e th e r  
s o lu t io n  gave a y e llo w  o i l  (10 g , ) ,  b .p , 182-184°/15 mm., 
d i s t i l l a t i o n  a t  0 ,25 mm, gave e th y l &  -  h y d ro x y in d e n y l- l-  
a ce ta te  as a v isco u s  y e llo w  o i l ,  b .p , 121-124°* \a a x  
(3 .9 2 ) ,  and 3 1 5 ^ ^ ( 2 . 7 4 ) .
(6 ) In d e n v l-1 ( ?3) - e th y le n e  g ly c o l . -  A s o lu t io n  
o f  l i t h iu m  a lum in ium  h yd rid e  (1*89 g . ) in  e th e r  (120 m l . ) 
s ta n d a rd ise d  by the  method o f  F a lk in ,  ( B u l l . Soc^ chim .
France , 1951? IB , 347) was added over a p e r io d  o f  2 .5  hours 
to  th e  s t i r r e d  s o lu t io n  o f  e th y l o‘* -h y d ro x y in d e n y l- l(? 3 ) -  
a ce ta te  (13 .2  g . ) in  e th e r  (25 m l. ) under d ry  n it ro g e n  a t 
a tem pera tu re  o f  5 -7 ° . The m ix tu re  was s t i r r e d  f o r  a 
fu r t h e r  1 .5  hou rs , and th e n  tre a te d  w ith  d i lu t e  s u lp h u r ic  
a c id  (60 m l. ,  2N) c o n ta in in g  crushed ic e .  The e th e r  
e x tra c t  ( 1 ,2 - 1 . )  o f  the  p ro d u c t was washed w ith  d i lu te  sodium 
h y d ro x id e , w a te r and s a tu ra te d  sodium c h lo r id e  s o lu t io n ,  
and d r ie d  over sodium s u lp h a te . E va p o ra tio n  o f  the  
s o lv e n t y ie ld e d  a fawn c r y s ta l l in e  re s id u e  (8 ,1  g , ,  76$ ),
T h is  was tw ic e  r e c r y s ta l l is e d  from  ch lo ro fo rm  to  g ive  
rhom bic p la te s  o f  th e  g ly c o l^  m.p* and m ixed m .p, 116°,
6 .°  g * ) f Xma^  2 5 0 * ^ ( 3 .9 9 ) .
(7 ) In d a n y l- I - e thy le ne  g ly c o l , -  The fo re -g o in g  d io l  
(5 .5  g . ) in  e th a n o l (100 m l, )  was hydrogenated a t 
30 atmospheres jores sure and a t room temperatui^o u s in g  
p a lla d iu m  on ch a rco a l (2 ,0  g , , 5$) as c a ta ly s t .  The uptake 
o f  hydrogen was com plete w i th in  0 ,75 hou rs . E va p o ra tio n  
o f  the  s o lv e n t from  the  f i l t e r e d  p roduct gave th e  crude 
dihydro-com pound as a c o lo u r le s s  syrup (5 .3  g * ) which 
re s is te d  c r y s ta l l i s a t io n .
The d i-p -n it ro b e n z o a te  o f  t h is  compound was i f r  epared
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in  the  u su a l way. The crude p ro du c t cou ld  be 
c r y s ta l l is e d  from  a lc o h o l o r  l i g h t  pe tro leum  bu t the  
p u r i f ie d  m a te r ia l was too  s p a r in g ly  s o lu b le  i n  these 
s o lv e n ts . R e c r y s ta l l is a t io n  from  p y r id in e  c o n ta in in g  
a sm a ll p ro p o r t io n  o f  w a te r, from  benzene, and from  
n -b u ta n o l gave th e  d i - p - n itro b e n z o a te  • 
o f  in d a n y l- l-e th y le n e  g ly c o l as rhom bic p la te s ,  
m .p. 154°, w ith  p re v io u s  s l ig h t  s o fte n in g  (Found:
0,62.7-5; H, 4.4? N, 5 .75 . °22H20^208 re ,l'u ire s
0, 63.0? H, 4.25? N, 5 .9 $ ) .
(8 ) 1 -Form ylindane . -  p a ra -P e r io d ic  a c id  (1 .4  g . ) 
i n  w a te r (2 .5  m l. )  was added, w ith  c o o lin g , to  in d a n y l - l -
e th y le n e  g ly c o l  (1 .1  g . ) in  e th a n o l (3#5 m l* ) *  The
p ro d u c t was a llow ed  to  stand w ith  o cca s io n a l m ix in g  f o r  a 
p e r io d  o f 40 m inu tes , and th en  d i lu te d  w ith  w a te r and 
e x tra c te d  w ith  e th e r  (25 m l. ) *  E va p o ra tio n  o f the washed 
e th e r e x tra c t  gave 1 -fo rm y lin d a n e  as a p a le  brown o i l  
(0*9  g . ) f T h is  was d is s o lv e d  in  p y r id in e  (4 *0  m l . ) and 
sem icarbazide h y d ro c h lo r id e  (0 .9  g . ) in  w a te r ( l f 8 m l. )  
added. The re a c t io n  was exo the rm ic , and the  m ix tu re  
s o l id i f ie d  w ith in  a few m inu tes . R e c r y s ta l l is a t io n  from
a lc o h o l o f th e  washed p r e c ip i ta te  gave c o lo u r le s s  p la te s  
o f the  semicarbazone o f  1 -fo rm y lin d a n e , m.p* and mixed
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m .p. 167-169°, (0 .9  g . ) ,  (e x p t. 11 t> i) .
(9 ) In v e s t ig a t io n  o f the  h yd rog e na tion  p roducts 
d e r iv e d  from  the  e s te r ' A . -  The h yd rog e na tion  was - 
a ttem pted  in  two independent experim ents*'
(a ) W ith  th e  e s te r  A (15 .6  g #) in  e th a n o l
(50 m l. )  w ith  n ic k e l  c a ta ly s t  (0 .5  g . ) a t 10 atmospheres 
a t 20°, and a t  50 atmospheres f o r  11 hours in c lu d in g  
3 hours a t 40-50°*
(b ) W ith  th e  e s te r  jy (14 .4  g . ) in  e th a n o l (50 m3..) 
w ith  n ic k e l  c a ta ly s t  (0 .5  g . ) f o r  10 hours in c lu d in g  6 hours 
a t 40-50°*
In  each ease the  hydrogen uptake was below the  le v e l  
o f  accu ra te  measurement, c e r ta in ly  le s s  th an  20$ o f  th a t  
c a lc u la te d  f o r  1 gram m olecu le  o f  hydrogen p e r gram m olecu le  
o f the  e s te r  A (c a lc u la te d  f o r  e th y l in d a n - l - s p ir o - 2 * -  
o x ira n -3 f - c a rb o x y la te ) , The p ro du c t on d i s t i l l a t i o n  gave ' 
th re e  f r a c t io n s ,  ( i )  b .p . 115~124°/0 .35 mm., (0 ,5  g . )  a v e ry  
p a le  y e llo w  o i l ,  ( i i )  b .p . 124-125 ° /0 .35 mm., (10 .3  g . ) f a 
y e llo w  o i l  and ( i i i )  b .p . 125 -130°/0 .35  mm,, (2 .1  g. ) ,  a 
y e llo w  o i l .  C la ise n  h y d ro ly s is  o f f r a c t io n  ( i i )  gave th e  
s a l t  (4.-9 g . ) as a p a le  g rey  powder. A p u rp le  c o lo ra t io n
*•- • *
developed d u r in g  the course o f t h i s  h y d ro ly s is ,  h u t n o t 
im m e d ia te ly  on adm ix tu re  o f  the  re a c ta n ts  as observed w ith  
th e  e s te r  A. The d e r iv e d  a c id , a d a rk -y e llo w  s t ic k y  
s o l id ,  c r y s ta l l is e d  from  ch lo ro fo rm  as crossed y e llo w  
need les , from  w hich a c o lo u r le s s  c r y s ta l l in e  a o id  was 
ob ta ined  in  th e  fo rm  o f  b lu n t-e n d e d  n ee d le s , m .p. 112° 
w ith  e v o lu t io n  o f  gas, by repea ted  r e c r y s ta l l i s a t io n  from  
ch lo ro fo rm  (16 , 14, 14? 12, and 10 m l . ) .  (Found: 0,
6 9 .2 ; H, 5.3? a c t iv e  hydrogen 1 ,11$ ; equ iv* 190*
Cl l% 0 ° 3  s q u i r e s  0, 69.4? H, 5.3$? a c t iv e  hydrogen (2H) 
1 .06$  e q u iv . 1 9 0 ), 250 m ^ (3 .9 4 ) .
O ther s o lv e n ts  in c lu d in g  l i g h t  p e tro leum , benzene, 
carbon te t r a c h lo r id e ,  a lc o h o l,  and aqueous a lo o h o l were le s s  
s a t is fa c to r y  f o r  th e  p u r i f i c a t io n  o f the  crude a c id . The 
pure a c id  c r y s ta l l is e d  from  w a te r, i n  w hich  i t  was f a i r l y  
s o lu b le , in  th e  form  o f  rhom bic and hexagonal p la te s .
The fo rm a tio n  o f 1 - fo rm y lin d a n e , is o la te d  as th e  
sem icarbazone.by the  th e rm a l d e c a rb o x y la tio n  o f t h is  a c id  
was c a r r ie d  o u t* D e ta ils  o f  t h is  re a c t io n  are reco rded  
under experim ent ( l l o i ) .
(10) In v e s t ig a t io n  o f the  Q la ise n  h y d ro ly s is p ro du c ts  
d e r iv e d  from  the  e s te r  A w ith o u t h yd ro g e n a tio n . -  From the
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a c id  m ix tu re  (1 *4  g . ) o b ta ine d  by C la ise n  h y d ro ly s is  o f  the  
e s te r  A (3*5 g*)>  the  c o lo u r le s s  c r y s ta l l in e  o a rb o x y lie  
a c id  (0 .3  g . ) was is o la te d  a f t e r  repea ted  r e c r y s ta l l i s a t io n  
from  c h lo ro fo rm  in  the  fo rm  o f c o lo u r le s s  need les , m .p. and 
m ixed m.p. w ith  th e  p re p a ra tio n  o f  experim ent (9 ) 111-112°, 
w ith  e v o lu t io n  o f  gas. The p u r i f i c a t io n  as a p p a re n tly  more 
d i f f i c u l t  than  w ith  th e  hydrogenated p re p a ra t io n  o f  the  
e s te r  4*• Ik e  co lo u re d  contam inant was more r e a d i ly  
removed by e x t ra c t io n  o f  the  powdered a c id  p a r t i a l l y  
p u r i f ie d  by two c r y s ta l l is a t io n s  from  c h lo ro fo rm , w ith  carbon 
te t r a c h lo r id e  in  a S oxh le t appara tus . By t h is  method th e  
c o lo u r le s s  a c id  , ( l . 4  g . ) was ob ta ined  from  the  a c id  m ix tu re , 
(3 .4  g . ) .
A s m a ll q u a n t ity  o f  an orange c r y s ta l l in e  a c id  ( s in te r s  
180-190°) was is o la te d  from  the  da rk  y e llo w  re s id u e  from  
the  evaporated ch lo ro fo rm  m other l iq u o r s  (above) by 
r e c r y s ta l l i s a t io n  from  a lc o h o l,  and c h lo ro fo rm .
P u r i f ic a t io n  o f  a sm a ll q u a n t ity  o f the- a o id  m ix tu re /b y  
chromatography on an a lum ina  column* u s in g  m ethylene 
c h lo r id e  and e th y l  a ce ta te  as e lu t in g  s o lv e n ts  was a tte m p te d . 
A sharp, s e p a ra tio n  o f  th e  y e llo w  contam inant from  the  
c o lo u r le s s  a c id  was n o t o b ta in e d , ' a lth o u g h  the  e a r l ie r
f r a c t io n s  o f  the  e lu a te  le a v in g  a re s id u e  on e va p o ra tio n  
were le s s  deep ly  co lou red  th an  the  la t e r  f r a c t io n s .
Of the  methods in v e s t ig a te d  f o r  the  s e p a ra tio n  o f  the  
c o lo u r le s s  a c id  and th e  co lou red  a c id , the  most s u ita b le  was 
based on the  p r e fe r e n t ia l  p r e c ip i ta t io n  o f  the co lou red  a c id  
on the stepw ise  a c id i f i c a t io n  o f  the s o lu t io n  o f  th e  s a lt s  
o f  the  a c id  m ix tu re .
In  a t r i a l  experim en t, the  s t i r r e d  s o lu t io n  o f the 
m ix tu re  o f  sodium s a lt s  (1 .06  g . ) in  w a te r (7 .0  m l. )  was 
a c id i f ie d  a t 0° by the  a d d it io n  o f  0 .25 m l. p o r t io n s  o f  
d i lu t e  (2JJ) s u lp h u r ic  a c id . The p r e c ip i ta te  was c e n tr ifu g e d  
a f t e r  each a d d it io n ,  and the  su pe rn a tan t decanted and th e  
process rep ea te d .
The f i r s t  p r e c ip i ta te  was more deep ly  co lo u re d  th an  the  
second, w hich was in  tu rn  more deep ly  co lo u re d  th an  the 
t h i r d ,  w hich was y e llo w *  F u r th e r  decrease ih  c o lo u r o f the  
successive  p r e c ip i ta te s  occurred  v e ry  g ra d u a lly .  No 
fu r t h e r  p r e c ip i ta t io n  occu rred  a f t e r  the  a d d it io n  o f  2 .75 m l. 
o f  the  s u lp h u r ic  a c id . A p p lic a t io n  o f th is  method is  
d e sc rib e d  in  experim ent (1 3 ).
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( l l )  In v e s t ig a t io n  o f  the  p ro p e r t ie s  o f  the  c o lo u r le s s  
a c id  d e rive d  from  the  e s te r  A , -  (a ) The p -bromophenacyl
e s te r  o f  th e  c o lo u r le s s  a c id  was prepared in  the  u s u a l way, 
and r e c r y s ta l l is e d  from  a lc o h o l and from  aqueous acetone 
(n e e d le s ), m.p* 128-129°, (Found: 0, 58*8; H, 3.9? B r, 20 .7 . 
°19H15Br04 re q u ire s  0, 58.9? H, 3.9? B r, 2 0 ,6 5 $ ),
(b ) D e ca rb o xy la tio n  o f the  a c id  y ie ld e d  1 -fo rm y lin d a n e
( i ) 2Z b e a tin g  in  th e  presence o f  g la ss  powder.
The a c id  (0 ,5  g . ) mixed w ith  powdered s o f t  g la ss  
(0 .2 5  g , ) was heated in  vacuo (15 mm.) in  an o i l - b a th  a t 
120° r is in g  o ve r a p e r io d  o f  0 .5  hours to  160° and m a in ta in ed  
a t  t h is  tem pera tu re  f o r  1 .5  hou rs . The condensate was a 
c o lo u r le s s  r e f r a c t iv e  o i l  (0 .25  g . ) w ith  a ch.ara.cter is  t i c  
odour. The semicarb&zohe (0*42 g . ) prepared from  th is ^  
r e c r y s ta l l is e d  from  aqueous a lc o h o l and from  aqueous acetone 
as lam inae o r n ee d le s , mf p^ 168-169° (Found: 0, 64*95?
H, 6.35? N, 20.41 C a lc . f o r  C ^H ^N ^O : C, 6 5 .0 ; H 6,45?
N, 2 0 .7 $ ). T iffe n e a u  and O rekh o ff (B u l l . Soc. ohim. France. 
1920, 22, 789) re co rd  m .p. 168°*
The 4-phenvlsem icarbazone fo m e d  from  a s im i la r  
p re p a ra tio n  o f  the  aldehyde was r e c r y s ta l l is e d  tw ic e  from  
a lc o h o l (need les ) m .p. 137-138° (Found: 0, 7 2 ,9 ; H, 6 .1 ; ,
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N, 1 5 .1 . ^ 1 7 -^ 1 7 ^ 3 ^ s q u i r e s  0 , 73.1? H,. 6 , 1 ; N, 1 5 .0 5 $ ).
( i i ) By c a ta ly s is  w ith , m inera l  a c id .
The c o lo u r le s s  a c id  ( l.O  g , ) in  2 N ~ h yd ro ch lo ric  a c id  
( 4 . 0  m l. )  l i q u i f i e d  w ith  e v o lu t io n  o f  carbon d io x id e  on 
g e n tle  warming. The re a c t io n  was b rough t to  co m p le tio n  by 
h e a tin g  f o r  1 hour under r e f lu x .  The p ro d u c t, a y e llo w  
l iq u id , .  was e x tra c te d  w ith  benzene. The semicarbazone 
prepared from  t h is  was o b ta ined  pure o n ly  by repea ted  
r e c r y s ta l l is a t io n .
The experim ent was repea ted  w ith  d i s t i l l a t i o n  o f the  
y e llo w  l iq u id ,  Oarbon d io x id e  was n o t evo lved  d u r in g  th e  
d i s t i l l a t i o n .  The p ro d u c t gave a semicarbazone (0 ,9  g . ) 
id e n t ic a l  w ith  th a t  o b ta ine d  in  the  p y ro ly s is  experim ent;
(c )  S p e c tro sco p ic  exam ina tion  o f  the  a c t io n  o f  
a lk a l i  o n cx -h y d ro x y in d e n y l~ l ( ? 5 ) - a c e t ic  a c id . An e th a n o lic  
s o lu t io n  o f  the  a c id  ( 5 . 0  m l. ,  3 4  mg, / 1 0 0  m l. )  was mixed w ith  
aqueous sodium h yd ro x id e  (0 .5  m l. ,  IO N). Im m ed ia te ly  upon 
adm ixtu re  o f the  s o lu t io n s  and a f t e r  p e rio d s  o f  1 0  and 
3 0  m inu tes ,. 1 ,61  m l, a liq u o ts  were d i lu te d  to  5 0  m l, w ith  
e th a n o l and the  absorbance a t 2 5 0  m|> , 2 6 0  m ^ ., and
327 , dete rm ined im m e d ia te ly . The s o lu t io n  tem pera tu re
was 2 2 ° .
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Time a f t e r  adm ix tu re  o f E x t in c t io n 1/., lcm .' ( E f  ) a t
the  a c id  and a lk a l i A as 250 m^ X -  260 my. X = 327 W
0 m inu tes 460 355 0
10 m inutes 660 610 82
30 m inutes 840 860 169
Bl^cm  o f  ^ “ k y d ro x jr - l-  
in d e n y l-1 ( ?3) - a c e t ic
a c id  (cone11* = 450 345 0
1 mg./lOO m l. e th a n o l.
E *^  o f  in d e n y lid e n e -  
1 cm,
1 -a c e t ic  a c id  (cone11* 1250 1600 450
= 1 mg./lOO m l.
e th a n o l)
(d ) B ro m in a tio n  o f the  a c id  suspended in  carbon 
te t r a c h lo r id e  gave in c o n c lu s iv e  r e s u l ts .  The a d d it io n  
o f  bromine in  oarbon te t r a c h lo r id e  ( 4 . 2  m l. ,  1 . 0  g . / 1 0 0  m l. )  
to  the  a c id  ( 0 . 0 5  g . ) was fo llo w e d  by f a i r l y  ra p id  
d e c o lo r is a t io n  ( 2 - 3  m inu tes) w ith o u t e v o lu t io n  o f  hydrogen 
brom ide. E va p o ra tio n  o f the  s o lv e n t a t the  water-pump a t 
below 2 0 ° gave a gummy re s id u e  which was e v o lv in g  hydrogen
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brom ide. In  a c o n tro l experim ent w ith  f r e s h ly  d i s t i l l e d  
indene (0 .057 g . ) and brom ine in  carbon te t r a c h lo r id e  
(7 .6  m l. ,  1 .0  g ./lO O  m l . ) ,  a s im i la r  p e r io d  was re q u ire d  f o r  
d e c o lo r is a t io n ,  b u t the  re s id u e  a f t e r  e va p o ra tio n  o f  the  
s o lv e n t d id  n o t evo lve  hydrogen brom ide.
(e ) The a c id  was found to  be id e n t ic a l  w ith  th e  
x - h y d ro x y - l- in d e n y la c e t ic  a c id  prepared by O la ise n  h y d ro ly s is  
o f  e th y l  c *~ h y d ro x y - l- in d e n y la c e ta te  (e x p t, 1 2 ) ,  m .p, and 
mixed m .p, o f  £-brom ophenacyl e s te rs  1 2 8 - 1 2 9 °*
(12) ex - H yd ro xy in d e n y l- l ( ? 3 ) - a c e t ic  a c id , C la ise n  
h y d ro ly s is  o f  the  a u th e n tic  e s te r  (e x p t. 5 ) o f  t h is  a c id  was 
accompanied by s im i la r  changes to  those observed d u r in g  the  
h y d ro ly s is  o f  the  e s te r  A, The washed sodium s a l t  (5 .4  g . ) 
from  th e  e s te r  ( 6 , 7  g . ) was d is s o lv e d  in  the  minimum volume 
o f  w a te r ( 2 5  m l . ) ,  and a c id i f ie d  by the  s tepw ise  a d d it io n  o f  
d i lu t e  (3 .3E ) h y d ro c h lo r ic  a c id ; The ye llo w -o ra n g e  
p r e c ip i ta te  ( 0 , 3  g . ) o b ta in e d  by the a d d it io n  o f  th e  a c id  
( 1 . 0  m l. )  a t 0 ° was f i l t e r e d  and r e c r y s ta l l is e d  to  g ive  
in d e n y lid e n o - 1 - a c e t ic  a c id , m .p. and mixed m .p, o f  the  
£-brom ophenacyl e s te rs  153°, (e x p t. 1 3 ) . A c id i f ic a t io n  
o f  the f i l t r a t e  from  th is  a c id  w ith  d i lu t e  h y d ro c h lo r ic  
a c id  ( 7 . 0  m l. ,  3 . 3 N) a t  0 ° gave a p a le  y e llo w  p r e c ip i ta te
(4 .2  g . ) .  This was r e c r y s ta l l is e d  th re e  tim es from
c h lo ro fo rm  to  g ive  -h y d ro x y in d e n y l- l(? 3 ) - a c e t ic  a c id
( 1 . 6  g . ) ,  m .p. 1 1 2 ° w ith  e v o lu t io n  o f  gas, e q u iv . 1 9 0 ,
\  2 5 0  mik (3 *9 4 ). The p-brom ophenacyl e s te r  o f t h ismax. "
a c id  was prepared  i n  the  u sua l way, and r e c r y s ta l l is e d  from  
a lc o h o l and aqueous acetone, m .p. 1 2 8 - 1 2 9 ° .
The pure a c id  gave a f a in t  y e llo w  c o lo ra t io n  w ith  
n e u tra l f e r r i c  c h lo r id e .  C ruder p re p a ra tio n s  gave a p u rp le  
c o lo u r  which may have been due to  tra c e s  o f  th e  unreduced 
c t-o x o a c id .
(13) - In v e s tig a tio n  o f the  co lou red  a c id  pre s e n t in  th e  
Q la ise n  hydr.o lysa te  o f e s te r  A , -  The aqheotis s o lu t io n  
( 5 0  m l. )  o f  the  m ix tu re  o f the  sodium s a lts  ( 8 . 0  g *) 
o b ta ine d  by O la ise n  h y d ro ly s is  o f  the  e s te r  A (18 g . ) was 
f i l t e r e d  from  a tra c e  o f  gummy m a te r ia l,  and was a c id i f ie d  
by the  stepw ise  a d d it io n  o f  2N -s u lp h u iic  a c id  to  the  s t i r r e d  
s o lu t io n  a t 0 ° . The p r e c ip i ta te  (0 .6  g . ) a f t e r  add ing
3 . 0  m l. o f  th e  a c id  was more deep ly  co lo u re d  (amber) than  
th e  la t e r  f r a c t io n s .  F u r th e r  a c id i f i c a t io n  w ith  s u lp h u r ic  
a c id  ( 1 7  m l. ,  2 N) gave a p a le  y e llo w  p r e c ip i ta te  ( 5 . 3  g . ) ,SB? .
m .p. 105-112°, w ith  e v o lu t io n  o f  gas. The am ber-co loured 
p r e c ip i ta te  was c r y s ta l l is e d  from  c h lo ro fo rm , and re ­
c r y s ta l l is e d  from  benzene, and from  a lc o h o l,  ro d  needles
(0 .25  g , ) ,  m .pe 180-190°, ( s in te r s ) .  I f  p laced  in  a b a th  
a t  210° i t  m e lted  w ith  e v o lu t io n  o f gas. T h is  d id  n o t 
d e c o lo r iz e  brom ine in  carbon te t r a c h lo r id e ,  gave a n e g a tive  
te s t  w ith  B ra d y 's  re a g e n t, and was s o lu b le  in  aqueous Sipdium 
hydrogen carbonate  s o lu t io n .  T i t r a t io n  e q u iv a le n t 172-175, 
\n a x . 260 (4.4-15) and 327 mf t *  (3 .8 9 ) .
The p -bromophenac.vl e s te r , prepared in  the  u su a l manner 
was re  c r y s ta l l is e d  from  e th a n o l, aoetone, and aqueous aoetone 
to  g iv e  y e llo w  nee d le s , mf p . 153° undepressed on adm ix tu re  
w ith  the  p-brom ophenacyl e s te r  o f a u th e n tic  in d e n y lld o n c -1 -  
a c e t ic  a c id  prepared a cco rd in g  to  T h ie le  and R tld ige r (loQf, 
c i t . )  (Found: 0 , 61 .85 , H, 3 .5 5 ; Br* 22.01 C -^H ^B rO ^ 
re q u ire s  0, 6 1 ,8 ; H, 3 ,5 5 ; B r, 2 1 ,6 5 $ ).
S oxh le t e x t ra c t io n  o f  the  p a le  y e llo w  a c id , m .p, 105- 
112°, w ith  carbon te t r a c h lo r id e  gave a c o lo u r le s s  c r y s ta l l in e  
specimen o f  e>C -h y d ro x y in d e n y l- l(? 3 ) -a c e t ic  a c id  (2 ,5  g*)jr 
m .p, 110-112° w ith  e v o lu t io n  o f  gas. The carbon te t r a c h lo r id e  
e x tra c t  on c o o lin g  d e p o s ite d  a fu r th e r  b a tch  o f  cream- 
co lou red  c r y s ta ls ,  w h ich  a f t e r  r e c r y s ta l l is a t io n  from  
ch lo ro fo rm  (need les ) had m .p, 110-112°, (1 ,4  g. ) * A fu r t h e r  
s m a ll f r a c t io n  (0 .5  g . ) o f  t h is  compound was o b ta in e d  by 
r e c r y s ta l l is a t io n  o f  the  m a te r ia l w hich separa ted  from  th e  
carbon te t r a c h lo r id e  e x tra c t  when p a r t ly  evapora ted .
S e p a ra tio n  o f  the  sodium s a lts  o f  the  in d e n y l id e n e - l-  
a c e t ic  a c id  and the  c x -h y d ro x y in d e n y la c e tie  a c id  by 
e x t ra c t io n  w ith  e th a n o l o r  w ith  m ethanol, in  w hich the  
fo rm e r s a l t  i s  the  more s o lu b le , was in v e s tig a te d *  The 
method was found to  be s u ita b le  f o r  th e  p re p a ra tio n  o f  
the  pure h yd ro xya c id , b u t the  re co ve ry  o f  sodium in d e n y lid e n e -  
1 -a e e ta te  from  the  a lc o h o lic  e x tra c ts  by p r e c ip i t a t io n  w ith  
e th e r  was v e ry  low .
(14) m-H vdroxyc im am ic  a o ld , -  T h is  was prepared by 
the  Doebner condensa tion  o f  m -hydroxybenzaldehyde w ith  
m a lon ic  a c id . The e xp e rim e n ta l procedures d esc ribe d  by 
Johnson, Anderson, and S h e lle rg  (J . Amer. Chem. - Soc, 4 1944,
66, 218), and by Koo f o r  3 ,4 -d ihyroxybenza ldehyde  (Org.
S yn th .® 1951, 51® 3 5 ), were compared. The fo rm er gave a 
somewhat b e t te r  y ie ld  o f  the  p u r i f ie d  p ro d u c t and was used 
in  a l l  th e  l a t e r  p re p a ra tio n s  o f  the compound.
( 1 5 ) m-M ethoxycinnam ic a c id . -  M e th y la t io n  o f  the  
h yd roxya c id  was a ttem pted  by the  method o f  In g o ld  and 
P ig g o tt  ( J , , 1925® 123® 1469)* The p ro d u c t con ta ined  a 
co n s id e ra b le  p ro p o r t io n  o f  m e th y l m -hydroxycinnam ate. The 
fo l lo w in g  method was based upon th a t  used by Ic k e , Redemann, 
W isegarver, and A lle s  ( Org. Syn th . . O o ll.  V o l. I l l ,  p . 564)
f o r  th e  m e t h y la t i o n  o f  m -h y d ro x y b e n z a ld e h y d e
D im e thy l su lp h a te  (9*5  m l,.) was added dropw ise over 
a p e r io d  o f  0 ,5  hours to  the  S t ir r e d  p a le  y e llo w  s o lu t io n  
o f  m -hydroxycinnam io a c id  (16 .4  g«) i n  sodium hyd rox id e  
.(100 m l, ,  2N). F u r th e r  sodium hyd rox ide  s o lu t io n  
(50 m l, ,  2N) was th en  added, fo llo w e d  over a p e r io d  o f9SS
10 m inu tes -by d im e th y l su lp h a te  (4*7 m l#)*- The m ix tu re  
was th e n  s t i r r e d  f o r  20 m in u tes , a c id i f ie d ,  and the  
c o lo u r le s s  c r y s ta l l in e  p r e c ip i ta te  washed w ith  co ld  w a te r.
T h is  m a te r ia l a f t e r  one r e c r y s ta l l i s a t io n  from  aqueous 
acetone gave m-m ethoxycinnam ic a c id , m .p, 116-117°, (1 4 .8  g . , 
83$ ).
(16) 3 - (m-Methoxy p h e n y l) p ro p io n ic  a c id . -  Hydro­
g e n a tio n  o f  m-m ethoxycinnam ic a c id  (66 ,0  g , ) was c a r r ie d
out in  e th a n o lic  s o lu t io n  (120 m l . , 96$) u s in g  n ic k e l  c a ta ly s t  
(1 .5  g . ) *  a t a p ressure  o f  75 atmospheres and a tem pera ture  
o f  90°, H y d ro ly s is  o f  the  p ro du c t y ie ld e d  3-(m -m ethoxy- 
pheny l) p ro p io n ic  a c id , b .p . 153-154°/2  mm,, (61 g . , 91$) 
w h ich  c r y s ta l l is e d  spon taneously  on c o o lin g , m .p. 45°.
(17) 5 -M ethoxyindan- l ^one. -  The c y c lo d e h y d ra tio n
o f  3-(m -m ethoxyphenyl) p ro p io n ic  a c id  w ith  p o lyp h o sp h o ric  
a c id  was in v e s t ig a te d , v a ry in g  the  te m p e ra tu re , the  tim e  o f
-  77  -
h e a tin g , and the r e la t iv e  p ro p o r t io n s  o f  th e  o rg a n ic  
a c id  and the  d e h y d ra tin g  agent.
The method o f  U h lig  (Angow. Chem.y- 1954? 66. 455. 
abd D is s e r ta t  U n ive rs  L e ip z ig .  1954) gave the  re q u ire d  
p ro d u c t contam inated w ith  a co n s id e ra b le  p ro p o r t io n  (30$) 
o f  th e  unchanged a c id .
The optimum c o n d it io n s  were found to  be use o f  
20 grams o f p o lyp h o sp h o ric  a c id  per gram o f  m-methoxy- 
p h e n y lp ro p io n ic  a c id ,  a t a tem pera tu re  o f  80°, w ith  a 
h e a tin g  p e r io d  o f  60 m in u tes .
A m ix tu re , m .p. 98 -106°, o f  5 - and Y -^ ie th o x y in d a n - l-  
ones was ob ta ine d  in  85$ y ie ld ; R e c r y s ta l l is a t io n  from  
aqueous a lc o h o l (c h a rc o a l) ,  then  from  d i- is o p ro p y l  e th e r , 
gave 5 -m e tho xy ind an -l-on e  as need les , m .p, 110-111° in  
o v e r a l l  y ie ld  o f  61$.
(18) The in te r a c t io n  o f  5-m e thoxy indan-l -one w ith  
e th y l c h lo ro a c e ta te  in  the  presence o f potassium  t - b u to x id e . 
The e xp e rim e n ta l procedure was s im i la r  to  th a t  described  
f o r  the  co rrespond ing  re a c t io n  o f  in d a n - l-o n e  (e x p t, 2) 
u s in g  1.25, m o le cu la r p ro p o r t io n s  o f  the  condensing agent and 
o f  the  h a lo e s te r .  From 5 -m e thoxy indan -l-one  (23*5 g*)_ -
i n  d r y 'e th e r  (40 m l . ) ,  e th y l  o h lo ro a c e ta te  (19 m l . )  and 
potassium  t-b u to x id e  p repared  from  potassium  (7 .15  g . ) in  
t - b u ta h o l (190 m l . ) ,  was o b ta ine d  a p ro d u c t ©which p a r t ly  
c r y s ta l l is e d  a f te r ,  e th e r  e x tra c t io n  and rem oval o f the 
s o lv e n t.  R e c r y s ta l l is a t io n  from  a lc o h o l (70 m l . ) y ie ld e d  
p a le  y e llo w  p la te le t s ,  m .p. 125-135°, (3*5  g . ) .  Concentra­
t io n  o f  the  m other l iq u o r  gave a v isco u s  brown l iq u id  
(11^6 g *) from  w hich o n ly  a fu r th e r  few  m il l ig ra m s  o f  
c r y s ta l l in e  m a te r ia l cou ld  b e .o b ta in e d . I t  was th e re fo re  
h yd ro lyse d  by C la is e n f s method and w i l l  be d e a lt  w ith  below .
Of the  s o lv e n ts  in v e s t ig a te d  f o r  th e  r e c r y s t a l l i s a t io n  
o f  the  y e llo w  p la te le t s ,  e th a n o l was th e  most s u ita b le .
The c r y s ta ls  were more s o lu b le  in  carbon te t r a c h lo r id e  
and r e a d i ly  s o lu b le  in  benzene, acetone, and ch lo ro fo rm .
They were le s s  s o lu b le  in  d ie th y l  e th e r  and in  d i- is o p r o p y l  
e th e r , and were v e ry  s p a r in g ly  s o lu b le  in  w a te r.
R e c r y s ta l l is a t io n  tw ic e  from  e th a n o l gave e th y l £x - oxo- 5 -  
m ethoxvindan-l -a c e ta te  in  the  fo rm  o f  o f f - w h ite  p la te le t s ,  
m .p. 137-139° (decom p.), m .p. 140° i f  p laced  in  a b a th  a t 
t h is  tem pera tu re  (Found: C, 67.5? H, 6 ,3 * G14% 6G4 reclu ir e s
0, 6 7 . 5 ? H, 6 .5 /0 ,  XrnaY 255 (5 .8 8 ) and 525 mv<- (4 .4 2 ) .
T h is  compound and th e  re p e a te d ly  r e c r y s ta l l is e d  m a te r ia l 
gave an in te n s e  p u rp le  c o lo u r  w ith  f e r r i c  c h lo r id e  in  e th a n o l*
I t  reduced F e h lin g ’ s s o lu t io n ,  and T o lle n s 1 rea ge n t.
I t  darkened s lo w ly .o n  exposure to  a i r .  I t  y ie ld e d  a 2 ,4 -  
d in itro p h e n y lh y d ra z o n e  w h ich  cou ld  n o t be p u r i f ie d .  The 
p -bromophenacyl e s te r  had m .p. 202° (dec,) needles from  
e th a n o l (Found: 0 ,57 .6?  H, 4.1? B r, 1 9 .55 . <^20B'17Br05 
re q u ire s  0, 57.6? H, 4 „ lV B r 19 .1 5 $ ).
O la ise n  h y d ro ly s is  o f  the  re s id u e  from  the m other 
l iq u o r  above gave a sodium s a l t  as a y e llo w  amorphous 
p r e c ip i ta te  (6 ,0  g . ) .  F ra c t io n a l p r e c ip i t a t io n  o f  the  
fre e  a c id , from  th e  aqueous s o lu t io n  o f  th e  s a l t ,  by d i lu t e  
s u lp h u r ic  a c id  gave one la rg e  f r a c t io n  (3*5  g . ) o n ly , as 
a heavy y e llo w  d e p o s it .  T h is  was tw ic e  r e c r y s ta l l is e d  
from  c h lo ro fo rm , (orange t r ig o n a l  p y ra m id s ), and then  
from  aqueous e th a n o l and from  acetone. The p ro d u c t,
5- m ethoxy indeny lidene - l - a c e t ic  a c id , had no d e f in i t e  
m e lt in g  -  o r d e c o m p o s it io n -p o in t as determ ined in  the  u su a l 
way because the  c r y s ta ls  darkened on h e a tin g  to  fo rm  a 
t a r .  I f  p laced  in  the  m e lt in g -p o in t  appara tus a t a 
tem pera tu re  o f  205° i t  m e lted  w ith  e v o lu t io n  o f  gas.
The e q u iv a le n t w e ig h t, de term ined by t i t r a t i o n  in  aqueous 
e th a n o l a g a in s t barium  h yd rox id e  s ta n d a rd ise d  w ith  benzo ic  
a c id , was found to  be 202jl 1 (Founds 0, 71.3? H, 5 .0 , 
^12^10^3 r e l ' i:iire s  7 1 .3 ; H, 5 .0$ , e q u iv . 202), ^max 275 
(4 *48 ) and 345 m ^ (4 .0 4 ) .
The p-b-romophenacyl e s te r ,  prepared in  the  u su a l way, 
separa ted  in  the  fo rm  o f g l is te n in g  y e llo w  f la t te n e d  n ee d le s , 
w hich  were r e c r y s ta l l is e d / f r o m  e th a n o l, aqueous acetone, and 
e th a n o l, m .p, 145° (Found: 0, 60.15? H, 4#0; B r, 19.8* 
020^L5^r0 4 r e 9-u ir e s  6 0 ,2 ; H, 3 *8 ; B r, 2 0 ,0 $ ).
H ydrogena tion  o f the  a c id  ( l.O  g . ) i n  e th a n o l (60 m l. )  
w ith  n ic k e l  c a ta ly s t  (0 .2  g . ) ,  a t  a p ressure  o f  100 
atmospheres and a tem pera tu re  o f  100° gave th e  te tra h y d ro  a c id  
m .p, 7 5 -8 0 °, T h is  a c id , a f t e r  c r y s t a l l i s a t io n  from  aqueous 
e th a n o l (c h a rc o a l) ,  from  aqueous m ethano l, and then  from  
l i g h t  pe tro leum  separa ted  as ob lique -ended  nee d le s , m .p. ' 
82 -83 °, w h ich  d id  n o t depress the  m e lt in g -p o in t  o f
5 -m e th o x y in d a n - l-a c e tic  a c id  prepared as below.
(19) 5 -M ethoxyindan- l - a c e t ic  a_cid^ The Reformat sky 
re a c t io n  o f  5-m e th o xy in d a n -l-o n e  w ith  e th y l  brom oaceta te , 
and th e  re d u c t io n  o f  the  u n sa tu ra te d  a c id  o b ta in e d , has been 
d esc ribe d  in d e p e n d e n tly  by lu d v ik ,  Novak, and. P ro t iv a  ( Chem. 
I i i s t y . 1956, 50® 1995) c o n c u rre n tly  w ith  th e  p re se n t work.
One t h i r d  o f  a s o lu t io n  o f  e th y l brom oacetate (14 g . ) 
in  benzene (40 m l. )  was added to  a s t i r r e d  suspension
o f  z in c  (5*2 g / )  i n  the  s o lu t io n  o f  5~m ethoxyindan-l-one  
(12 .9  g * ) r i n  benzene (40 m l. ) .  The s t i r r e d  m ix tu re  was 
heated on th e  w a te r-b a th  and the  z in c  s lo w ly  re a c te d . The 
rem ainder o f  the  e th y l brom oacetate s o lu t io n  was added 
over a p e r io d ,o f  1 hour and th e  m ix tu re  s t i r r e d  f o r  a fu r th e r  
2 hou rs , The s o lu t io n  became green-brown and in  the  la t e r  
stages a heavy orange p r e c ip i ta te  sepa ra ted . The p ro d u c t ' 
was coo led , a c id i f ie d  w ith  d i lu te  s u lp h u r ic  a c id  (50 m l* ,
2N), th e  m ix tu re  f i l t e r e d  and the  benzene la y e r  washed 
and d r ie d  (sodium s u lp h a te ) . A f te r  rem oval o f tbe s o lv e n t, 
d i s t i l l a t i o n  gave two f r a c t io n s :  ( i )  b,p# l l6 - 1 2 4 ° /0 .6  mm,
(1*5  g * ) ,  w h ich  c r y s ta l l is e d  and was shown to  be 5-m ethoxy- • 
in d a n - l-o n e ; ( i i )  b .p , 1 4 0 - l6 7 ° /0 ,6  mm, (8 ,4  g . ) ,  a p a le  
y e llo w  o i l  w h ich  c r y s ta l l is e d  on co o ling *.
R e c r y s ta l l is a t io n  o f f r a c t io n  ( i i )  from  l i g h t  pe tro leum  
gave n e a r ly  c o lo u r le s s  nee d le s , m .p, 53-55°* o f  e th y l 6 - 
m e thoxy indeny1-3 -ace ta te  ( ? e th y l 5 -m e th o x y in d a n y lid e n e -l-  
a c e ta te ) ,  ' 237 (4 .0 3 ) ,  290 (4*25) and 322 m p  (4 .3 6 ) .
H ydrogena tion  o f  t h is  e s te r  (5 .5  g * ) in  e th a n o l (100 m l . ) 
a t  100 atm ospheres, and a t a tem pera ture  o f  20°, f o r  2 hours 
w ith  n ic k e l  c a ta ly s t  (0 .5  g * ) y ie ld e d  a p ro d u c t w hich on 
d i s t i l l a t i o n  gave two f r a c t io n s :  (a ) b ,p ,  4 8 -5 0 °/0 ,4 5  mm.
(0*5  g * )? (b ) b .p , 1 15 -1 1 8°/0 .4 5  mm, (4 .23  g * ) ,  a r e f r a c t iv e  
c o lo u r le s s  o i l ,  O la isen  h y d ro ly s is  o f  f r a c t io n  (b ) (4*2  g. ), 
gave 5 -m e th o x y in d a n - l-a o e tic  a c id , (3*0  g , ) m .p, 79-83°* 
w hich  was ra is e d  to  83~*84° a f t e r  re  c r y s t a l l i s a t io n  from  
aqueous a lc o h o l and th en  from  l i g h t  pe tro leum  (Founds 
0, 69*9? H, 6 .8 * G ale, f o r  O ^H ^O ^s  C, 69.9? H, 6 .8 $ )*
The p-brom ophenaoyl e s te r  r e c r y s ta l l is e d  fo u r  tim es from  
e th a n o l separa ted  in  the  fo rm  o f need les , m.p* 98-99° (Founds 
G, 59.6? H, 4.8? B r, 20,0  G ^B ^E rO ^  re q u ire s  G, 59*6? H , .
4*8? B r, 1 9 ,8 $ ),.
(20) p -M ethoxycinnam ic a c id , -  T h is  was prepared 
by th e  Doebner condensa tion  o f  an isa ldehyde w ith  m a lon id  
a c id [o f .  Koo, (Org. S ynth* . 1951, 21, 3 5 ), f o r  the  
p re p a ra tio n  o f the  2 ,3 -d im e thoxy a c id ] .
The a c id  (150 g ; ) was ob ta ined  as an o f f - w h ite  
c r y s ta l l in e  powder, from  a n isa ld o h yd e (l3 6  g * ) and 
m a lon ic  a o ld  (208 g . )* R e c r y s ta l l is a t io n  from  a lc o h o l 
( l  1 )  gave the  pure a c id  (138 g , , 77$) i n  the  fo rm  o f n ee d le s , 
m .p. 174°, (c le a rs  1 8 8 °),
(21) 5 - ( p -M ethoxyphenyl) p ro p io n ic  a c id . -  
jD-Methoxycinnamic a c id  (148 g . ) was hydrogenated, a t  a
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p ressu re  o f  100 atmospheres and a tem pera tu re  o f  100°, 
in  e th a n o l (300 m l . , 96$) w ith  n ic k e l c a ta ly s t  (4 .0  g , ) ( 
H y d ro ly s is  o f th e  p ro d u c t y ie ld e d  the  d ih y d ro -a c id , m .p. 
100-103°, (140 g . ) .  Re c r y s t a l l i s a t io n  from  a lc o h o l (140 m l. )  
gave the  pure a c id , m .p. 1 03 .5 -104°, (125 & •)*
(22) 6-M ethoxyindan- l -o n e . -  (a ) ffrcm the  
p h e n y lp ro p io n ic  a c id  c h lo r id e .  The p re p a ra tio n  o f  the  
ketone by the  in tra m o le c u la r  F r ie d e l and G ra fts  re a c t io n  o f 
3 - (g -m e th o xyp h e n y l)p ro p io n ic  a c id  c h lo r id e  as d escribed  
by Johnson, and Glenn (J . Amer. Qhem. 1949. 71.
1092) was in v e s t ig a te d .
The re q u ire d  compound was ob ta ined  o n ly  in  low  yie3.d 
as i t  needed s e v e ra l r e c r y s ta l l is a t io n s  to  o b ta in  a p ro d u c t 
o f  sharp m e lt in g -p o in t .  F ra c t io n a l d i s t i l l a t i o n  a ls o  
fa i le d  to  g iv e  a r e a d i ly  p u r i f ie d  p ro d u c t. The experim ent 
was repea ted  u s in g  l i g h t  pe tro leum  in s te a d  o f  benzene as 
s o lv e n t,  to  e lim in a te  the  p o s s ib le  in te rm o le c u la r  conden­
s a t io n  o f  th e  a c id  c h lo r id e  w ith  the  s o lv e n t (U h lig ,
Dis s e r ta t  XJnivers L e ip z ig . . 1954, p . 55)# There was a 
co n s id e ra b le  q u a n t ity  c f  the  unchanged a c id  c h lo r id e  
in  the  p ro d u c t and the  y ie ld  o f  pure 6 -m e tho xy ind an -l-on e  
was v e ry  low *
The experim ent was repea ted  u s in g  carbon d is u lp h id e  
as s o lv e n t,  The p ro d u c t o f  t h is  re a c t io n  a lso  con ta ined  
a co n s id e ra b le  p ro p o r t io n  o f  the  unchanged a c id  c h lo r id e .
I t  was found th a t  the  a c id  c h lo r id e  i s  n o t r e a d i ly  removed 
by washing the  o rg a n ic  s o lv e n t s o lu t io n  w ith  aqueous potassium  
h y d ro x id e .
The experim ent was repea ted  u s in g  benzene as s o lv e n t 
and w ith  f r e s h ly  resub lim ed  a lum in ium  t r i c h lo r id e .  The 
p ro du c t ob ta ine d  in  h ig h  y ie ld  was fre e  from  non~keton ic  
m atexual b u t m elted  ove r a w ide range (45 -1 0 0°)^  A sm a ll 
p ro p o r t io n  o f  pure 6-m e th o xy in d a n -l-o n e  was o b ta ine d  from  
th is  m ix tu re  o n ly  by repea ted  r e c r y s ta l l i s a t io n .  The 
in v e s t ig a t io n  o f  t h is  method o f  p re p a ra tio n  was th e re fo re  
d is c o n tin u e d ,
(k )  By cy c lo d e h yd ra t io n  o f the  p h e n y lp r op io n ic  a c id . 
W ith  p o lyp h o sp h o ric  a c id  (10 g , ) ,  3 - (p^m ethoxyphenyl) 
p ro p io n ic  a c id  ( l.O  g . ) gave:
(1) a t 80° f o r  80 m inu tes , a y e llo w  g ra n u la r  
s o l id  in s o lu b le  in  e th e r  and in  a lk a l i ,
( i i )  a t  65° f o r  25 m inu tes , as used f o r  the  
c y c lo d e h y d ra tio n  o f  3 - (  3 * , 4 ' -d im e th o xyp h e n y l) p ro p io n ic  
a c id  by Koo, (J . Amer. Chem, S o c ,. 1953, 25 , 1889), a v e ry
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low  y ie ld  o f  6 -m e tho xy ind an -l-on e  (0 ,15  &’* ) •  $he main , 
p ro d u c t was unchanged a c id ,
( i i i )  a t  75° f o r  40 m inu tes , a p a le  y e llo w  
s o l id  w h ich  was la r g e ly  s o lu b le  in  aqueous sodium hydrogen 
ca rbona te , w ith  w h ich  i t  formed a s ta b le  em uls ion . The 
e th e r  e x t ra c t  o f  t h is  gave crude 6 -m e thoxy indan -l-one  
(0*1  g *) as a p a le  y e llo w  o i l ,
( iv )  a t  80° f o r  60 m in u tes , a y e llo w  g ra n u la r  
s o l id  w h ich  was la r g e ly  in s o lu b le  in  e th e r  and in  aqueous 
sodium hydrogen ca rbona te .
W ith  p o lyp h o sp h o ric  a c id  (50 g , ) ,  3-(£*-m ethoxy- 
p he ny l) p ro p io n ic  a c id  (1*0  g , ) gave:
(v )  a t 80° f o r  80 m inu tes, a y e llo w  suspension 
when poured in to  w a te r . The washed e th e r  e x t ra c t  o f  t h is  
gave on d i s t i l l a t i o n  a t 0*25 mm, a c o lo u r le s s  c r y s ta l l in e  
su b lim a te  o f  crude 6-m e th o xy in d a n -l-o n e , m*p. 103-107°,
(0*12 g , ) ,
( v i )  8/1 120° f o r  3 m inu tes , from  the  washed 
e th e r  e x t ra c t ,  crude 6 -m e th o xy in d a n -l-o n e , m .p, 90 -95°, 
(0 ,45  g » ). T h is  on d i s t i l l a t i o n  gave a p u re r  specimen o f  
6 -m o th o xy in d a n -l-o n e , m*p. 106-108°, (0*2  g#) th an  
p re v io u s ly  o b ta in e d ,
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( v i i )  as in  experim ent ( v i ) ,  excep t f o r  an 
in c re a se  in  the  h e a tin g  p e r io d  to  6 m inu tes* T h is  gave 
6 -m e th o x y -in d a n -l-o n e , m .p. 104-107°, (0 .2 7  g* )>
( v i i i )  as i n  experim ent ( v i ) ,  excep t f o r  an in c re a se  
in  the  h e a tin g  p e r io d  to  12 m in u te s , T h is  gave 
6 -m e th o xy in d a n -l-o n e , m .p, 102-107°, (0 .2 7  g * ) .  A decrease 
in  the  q u a n t ity  o f p o lyp h o sp h o ric  a c id  i n  t h is  experim ent 
( to  20 g , ) caused a lo w e r in g  o f the  y ie ld  o f  th e  ke tone ,
( i x )  w ith  p o lyp h o sp h o ric  a c id  (20 g . ) and 
3-(p ,-m ethoxyphenyl) p ro p io n ic  a c id  (1 ,0  g , ) a t  60° f o r  50 
m in u tes , ( c f .  U h lig ,  D is s e r ta t  U n ive rs  L e ip z ig .  1954),
The p ro d u c t was e x tra c te d  s u c c e s s iv e ly  w i th , e th e r  and benzene. 
The aqueous potassium  hydrogen carbonate wash o f  t h is  
con ta ined  a co n s id e ra b le  amount o f  unchanged 3 -(p -m e th o xy - 
p h e n y l)-p ro p io n ic  a c id  (0 ,48  g. o f  crude m a te r ia l) .  The 
e ther-benzene e x tra c t  on e va p o ra tio n  gave a low  y ie ld  o f
6 -m e th o xy in d a n -l-o n e , m .p, 90-105°, (0*22 g# ) .
The procedure  f i n a l l y  adopted was th e re fo re  based on 
th a t  used in  experim ent ( v i i ) ,  In  a t y p ic a l  experim ent 
w ith  p o lyp h o sp h o ric  a c id  (500 g , ) a t 120^, 3 - ( p -m ethoxy- 
phe ny l) p ro p io n ic  a c id  (10 g c ) was added w ith  s t i r r i n g  
and th e  s o lu t io n  m a in ta in e d  a t t h is  tem pera tu re  f o r
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6 m inutes* coo led , d i lu te d  w ith  ic e -w a to r  (500 m l. ) ,  
e x tra c te d  w ith  benzene and th e  e x tra c t  washed w ith  aqueous 
ammonia, po tassium  hydrogen ' ca rbona te , and s a tu ra te d  
sodium c h lo r id e ^  D i s t i l l a t i o n  o f the  e x t ra c t  gave 6-m ethoxy- 
in d a n - l-o n e y o i l - b a th  tem pera tu re  110-160°, m .p. 105-108°,
(2 ,7  g . , 30$ ). R e c r y s ta l l is a t io n  from  l i g h t  pe tro leum
gave pure 6 -m e th o xy in d a n -l-o n e , m .p. 108-109°? (2 .6  g . ) .
t *
(23) The in te r a c t io n  o f  6-m e thoxy lndan-l -one w ith  
et h y l  c h lo ro a c e ta te  in  th e  presence o f  po tassium  t - b u to x id e . -  , 
The e xp e rim e n ta l procedure was s im i la r  to  th a t  used f o r  the  
co rrespond ing  condensa tion  w ith  5 -m e th o xy in d a n -l-o n e ; From , .
6 -m e tho xy ind an -l-on e  (17 ,8  g . ) in  e th y l c h lo ro a c e ta te  
(14*2 m l. )  and t - b u ta n o l (10 .0  m l. ) ,  and th e  potassium  
t-b u to x id e  from  potass ium  (5 .36  g . )  in  t - b u ta n o l (135 m l; )  
was o b ta ined  a f t e r  c o n c e n tra tio n  o f  th e  e th e r  e x t ra c t ,  an 
orange v isco u s  l i q u id .  E v o lu t io n  o f  gas occurred  cn 
a ttem pted  3-ow p ressu re  f r a c t io n a l  d is t i l la / b io n  o f t h is  l i q u id .  
I t  was found im p o ss ib le  to  m a in ta in  the  p ressure  below
1 .0  mm. D i s t i l l a t i o n  to o k  p lace  s lo w ly . Two f r a c t io n s  were 
c o lle c te d ,  a lth o u g h  th e re  was no sharp s e p a ra tio n :
(a ) b .p .  1 4 0 - l6 0 ° / l  mm. (7 m l. ) ,  (b ) b .p ,  160-180/ l  mm.
(6 -7  m l. ) ,  F ra c t io n  (a ) on c o o lin g  gave a suspension o f
p in k  c r y s ta ls  in  a v is co u s  orange l i q u id .  Re c r y s ta l l is a t io n  
from  l i g h t  pe tro leum  (160 m l . ) gave a n e a r ly  c o lo u r le s s  
p o o r ly  formed c r y s ta l l in e  s o l id ,  m .p, 46 -49°, (3 .2  g*.)* 
F u r th e r  r e c r y s t a l l i s a t io n  from  aqueous acetone ra is e d  the  
m e lt in g -p o in t  to  55 -58°, and th is  m a te r ia l separa ted  from  
s o lu t io n  in  warm to lue ne  on th e  a d d it io n  o f l i g h t  p e tro le u m ; 
in  the  fo rm  o f  f in e  c o lo u r le s s  need les , m .p. 57 -58°t Th is 
gave no p r e c ip i ta te  w ith  B rady! s re a g e n t, and no c o lo u ra t io n  
w ith  f e r r i c  c h lo r id e  in  e ih a n o lie  s o lu t io n .  I t  d e c o lo r is e d  
bromine in  carbon te t r a c h lo r id e  w ith o u t e v o lu t io n  o f  hydrogen 
brom ide, and w ith  e th a n o lie  sodium h yd rox id e  gave a y e llo w  
c o lo u r  which darkened on warming.
F ra c t io n  (b ) s o l id i f ie d  on s ta n d in g . R e c r y s ta l l is a t io n  
from  to lu e n e - l ig h t  pe tro leum  y ie ld e d  f in e  c o lo u r le s s  n ee d le s , 
m .p. 56-58°. G la ise n  h y d ro ly s is  o f  t h is  e s te r  was 
accompanied by th e  development o f  a dark  green-brown 
c o lo u r . The s a l t  was p re c ip ita te d  by e th e r  as a d a rk  
green s o l id .  F ra c t io n a l p r e c ip i ta t io n  o f the  fre e  a c id  
from  an aqueous s o lu t io n  o f t h is  s a l t  y ie ld e d  a b r ic k - re d  
c r y s ta l l in e  p r e c ip i ta te  o f  6 -m e thoxy indeny lidene - l -  
a c e t ic  a c id  w hich  was r e c r y s ta l l is e d  from  ch lo ro fo rm -ca rb o n  
te t r a c h lo r id e  (5 m l. :  .10 m l . ) ,  from  aqueous e th a n o l 
(5 m l. ;  5 m l , ) ,  and f i n a l l y  from  benzene -  l i g h t  pe tro le u m ,
-  8 9  -
from  which, i t  separa ted  as w e ll  formed o range -red  need les . 
These r e s in i f ie d  on h e a tin g  to  the  m e lt in g -p o in t ,  h u t m elted  
w ith o u t e v o lu t io n  o f  gas i f  p laced  in  the  b a th  a t  180° 
(Found: 0, 71*4? H, re q u ire s  0, 71*3? H, 5 .0 $ ) .
The p-brom ophenacyl e s te r  separated, in  th e  fo rm  o f 
red  f la t te n e d  needles w hich were r e c r y s ta l l is e d  from  a lc o h o l 
from  a c e to n e -a lc o h o l ( 1 :1 ) ,  and from  aqueous acetone to  
g ive  a p ro d u c t o f m e lt in g -p o in t  152-153° (Found: C, 60.3?
H, 4 .0 ; B r, 1 9 .6 . C^QH^^BrO^ re q u ire s  0, 6 0 .2 ; H, 3 *8 ;
B r, 2 0 .0 $ ), The co rresp o nd ing  e s te r  from  5-m ethoxyindan- 
1-one (e x p t. 18) had m .p. 145°; the  m ixed*m .p, was 134-139°.
The r e c r y s ta l l is e d  f r a c t io n  (b ) was fu r t h e r  
r e c r y s ta l l is e d  tw ic e  from  aqueous m ethano l, from  to lu e n e -  
l i g h t  pe tro leum  (5 m l. :  10 m l. ) ,  tw ic e  from  aqueous 
acetone, a ga in  from  to lu e n e - l ig h t  pe tro leum  ( 1 .5 .m l* :  3 m l* )  
and aga in  from  aqueous acetone (1 .3  m l. :  2 m l, )  to  y ie ld  
et h y l  cy-h yd ro xy -6 -m e th o xy in d e n y l- l -a c e ta te  (o r  e th y l e* — 
h y d ro x y -5 -m e th o x y in d e n y l-3 -a c e ta te ) ,  in  the  form  o f  cream- 
co lou red  p la te s ,  m .p, 75-76° (Found: C, 67.75? H, 6 .5 . 
C iiH igO ^ re q u ire s  0, 67.55? H, 6 .4 5 $ ). 220 mp. (4 .3 2 )
295 mp. (3 .4 5 ) .  T h is  e s te r  was a ls o  o b ta in e d  by th e  * 
fu r t h e r  r e c r y s ta l l is a t io n  from  aqueous m ethanol o f  the
r e c r y s ta l l is e d  f r a c t io n  (a ) in  the fo rm  o f cream -co loured  
p la te s  (m .p ..and  mixed m .p. 7 5 -7 6 °) .
(24) 2 .2 -D im e th y lin d a n - l ~one. -  Th is was p repared
by the  condensa tion  o f  m e thy l io d id e  w ith  ind a n -l-O n e  
induced by potassium  t-b u to x id e  suspended in  benzene 
(Mousseron, J a c q u ie r , and C h r is to l,  B u l l . Soc^ ehgm. France . 
1957, 346) * The s o lu t io n  o f  in d a n - l-o n e  (13*2 g . )
i n  m e thy l io d id e  (40 g . ) was added o ve r a p e r io d  o f  20 
m inu tes to  the  s t i r r e d  suspension o f  po tassium  t —b u to x id e  
from  potassium  (9*75 g # ) in  benzene (150 m l. )  under d ry  
n it ro g e n . . I t  wae found necessary to  c o o l th e  f la s k  in  
an ic e -b a th  d u r in g  th is  p e r io d  as the  re a c t io n  was exotherm ic 
The m ix tu re  a cq u ire d  a p u rp le  c o lo u r , l a t e r  becoming brown.
I t  was s t i r r e d  f o r  1 hour a t room tem pera tu re  and then  
re f lu x e d  f o r  3 hou rs . The p ro du c t worked up as describe d  
by Mousseron e t a l ,  ( i b i d . ) d i s t i l l e d  a t  1 1 5 ° / l3  mm., the  
d i s t i l l a t e  (14 .3  g«) c r y s ta l l is e d  on c o o lin g , m ,p, 4 3 - 4 6 ° ,  
ra is e d  to  46-47° by r e c r y s ta l l i s a t io n  from  pe tro leum  
(b .p . 4 0 -6 0 °).
I t  was noted th a t  (a ) whereas in d a n - l-o n e  acqu ired  
an in te n s e  green c o lo u r  when tre a te d  w ith  potassium  
t -b u to x id e ;  2 ,2 -d im e th y lin d a n - l-o n e  d id  n o t, and (b ) under
c o n d it io n s  in  w hich in d a n - l-o n e  formed a b is u lp h i te  compound 
2 ,2 -d im e th y lin d a n - l-o n e  d id  n o t do so,
( 2 5 ) The in te r a c t io n  o i 2 ,2 -d im e th y lin d a n - l - one w ith  
e th y l o h lo ro a c e ta te  in  th e  presence o f  potassium  t - b u to x id e . 
The condensa tion  was c a r r ie d  ou t as p re v io u s ly  d e sc rib e d , 
f o r  5 -m e tho xy ind an -l-on e  (e x p t. 1 8 ).
( i )  W ith  1*25 m o le cu la r p ro p o rt io n s  o f  potassium  t -  
b u to x id e  and o f  e th y l o h lo ro a c e ta te  f the m a jo r p ro d u c t 
was unchanged 2 *2 -d im e th y lin d a n - l-o n e  (70$ re c o v e ry ) . The 
p ro d u c t from  2 ,2 -d im e th y lin d a n - l-o n e  (19 ,5  g . ) d i s t i l l e d
in  vacuo, separa ted  in t o  th re e  f r a c t io n s  (a) a c o lo u r le s s
l iq u id ,  b .p , 6 6 -7 8 ° /0 .5  mmr (5 ,0  g . ) ,  (b ) a c o lo u r le s s
l iq u id ,  b .p , 78~82°/0 .5  mm. (8 .7  g , ) ,  (c ) a p a le  y e llo w
l iq u id ,  b .p . 1 2 0 -1 4 0 °/0 .4  mm. (5 ,4  g , ) .  F ra c t io n  (a )
la r g e ly  c r y s ta l l is e d  on seed ing  w ith  2 ,2 -d im e th y lin d a n - l-  
one bu t was contam inated w ith  a p le a s a n t-s m e llin g  l i q u id .  
F ra c t io n  (b ) s o l id i f ie d  on co n ta c t w ith  2 *2 -d im e th y lin d a n -1 -  
one. F ra c t io n  (c ) gave an in te n se  t r a n s ie n t  v io le t  c o lo u r  
w ith  f e r r i c  c h lo r id e ,
( i i )  W ith  1*6 m o le cu la r p ro p o r t io n s  o f  potassium  
t -b u to x id e  and o f  e th y l o h lo ro a c e ta te , th e re  was an in c re a se  
in  the  amount o f  lo w - b o i l in g  fra c t io n .c o r re s p o n d in g  w ith  (a ) 
o f  the  p re v io u s  expe rim en t. T h is  was la r g e ly  duie to  the
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in c reased  p ro p o r t io n  o f  the  p le a s a n t-s m e llin g  l iq u id  
con tam inan t. The re co v e ry  o f  2 ,2 -d im e th y lin d a n - l-o n e  was 
s l i g h t l y  lo w e r. The y e llo w  l iq u id  f r a c t io n  was combined 
w ith  f r a c t io n  (c )  o f  th e  p re v io u s  experim ent and 
re fra c t io n a te d  a t a p ressure  o f  0 .6  mm. There was n o t a 
sharp s e p a ra tio n  o f the th re e  f r a c t io n s  c o lle c te d :  (c * )  
v e ry  pa le  y e llo w , b .p . 7 0 1 0 0 °  (2 m l , ) ,  ( c 1*) p a le  y e llo w , 
b .p . 110-120° (2*8  g , ) ,  ( c ' " )  y e llo w , b .p .  120-130° (1 .5  g . ) 
A l l  gave a v io le t  c o lo ra t io n  w ith  f e r r i o  c h lo r id e ,  th a t  o f  
( o ’ ) fa d in g  r a p id ly .  F ra c tb n  ( o f ? ) was h yd ro lyse d  by 
C la is e n Ts method* The s a l t  produced was ra th e r  s p a r in g ly  
s o lu b le  i n  w a te r. F ra c t io n a l p r e c ip i t a t io n  o f  th e  s o lu t io n  
w ith  d i lu te  s u lp h u r ic  a c id  y ie ld e d  a s m a ll amount o f  a 
c r y s ta l l in e  a c id , 'm .p, 2 2 0 - 2 2 5 ° ,  (w ith  e v o lu t io n  o f  gas) and 
w a te r - in s o lu b le  l i q u id  a c id  which cou ld  n o t be ob ta ine d  
c r y s ta l l in e ,  N e ith e r  gave the c o lo u r w ith  f e r r i c  c h lo r id e  
observed w ith  th e  unhydro lysed  e s te r .
( i i i )  A " c o n t r o l” experim en t, in  w hich e th y l 
c h lo ro a c e ta te  was tre a te d  w ith  an e q u im o le cu la r q u a n t ity  o f  
potassium  t-b u to x id e  -under the c o n d it io n s  used in  the  
Darzen1s condensations d esc ribe d  above, proceeded exo- 
th e rm ic a l ly .  The t - b u ta n o l d i s t i l l e d  from  the  £>roduct was 
contam inated w ith  a lo w - b o i l in g  l iq u id .  There*was a lso
-  9, 2 •-
an e s te r  produced o f  w hich  the  d e rive d  a c id  y ie ld e d  a 
p-brom ophenacyl e s te r ,  m .p. 105°? shown n o t to , be unchanged 
p-brom ophenacyl b rom ide, m .p. 107-108°, o r  th e  p-brom ophenacyl 
e s te r  o f  c h lo ro a c e t io  a c id , m .p, 105°, by m ixed m,p,- 
experim en ts .
( iv )  W ith  5 m o le cu la r p ro p o r t io n s  o f  potassium  
t-b u to x id e  and o f  e th y l c h lo ro a c e ta te , th e re  was a la rg e  
in c re a se  in  th e  y ie ld  o f  the  lo w ^ b o il in g  f r a c t io n  co n ta m in a tin g  
the  2 ,2 -d im e th y lin d a n - l-o n e , Thfee f r a c t io n s  were o b ta ine d  
(a ) b .p . 5 0 -6 Q ° / l l  mm, (40 m l. ) ,  (b ) b ,p . 6 0 -8 0 ^ /0 .5  mm#.
(10 g , ) ,  and (c )  b .p ,  1 30 -150°/1 *5  ram. (4 .2  g . ) .
F ra c t io n  (a ) was r e d i s t i l l e d  a t a p ressu re  o f  747 mm. 
to  g ive  th re e  f r a c t io n s ,  b .p .  100-130° (5 m l . ) ,  b .p ,  •130-137°
(5 m l , ) ,  b .p . 157-164° (12 m l . ) .  A l l  were p le a s a n t-s m e llin g  ;
l iq u id s .  The main f r a c t io n ,  which was found to  be\
p r a c t ic a l ly -  f re e  from  h a lo g e n -c o n ta in in g  compounds, on 
h y d ro ly s is  y ie ld e d  e th a n o l (m .b. and mixed m.p* .o f th e  3 ,5 -  
d in itro b e n z o a te  9 4 ° ) , and an a c id  id e n t ic a l  w ith  th a t  
o b ta ine d  in  the  c o n tro l experim ent ( i i i )  ( th e  m ixed m .p. o f  
th e  p-brom ophenacyl e s te rs  showing no d e p re s s io n ). T h is  
f r a c t io n  was r e d i s t i l l e d  to  g iv e  two fu r th e r  f r a c t io n s ,  
b .p , 160-162°/761 mm. (2 m l. ) ,  and b .p .  163-164°/761 mm,
(8 m l. ) .  P a rt o f  the  l a t t e r  f r a c t io n  was used f o r  th e  ' 
p re p a ra tio n  o f  th e  benzylam ide (o f .W ild ,  C h a ra c te r is a t io n  o f  
Org. Compounds, second e d i t io n  Cambridge U n iv e rs ity  P ress, / 
I9 6 0 ,p .1 89 ), b u t t h is  separa ted as an u n c r y s ta l l is a b le  o i l ,  P a r t 
was h yd ro lyse d , and th e  a c id  is o la te d  and shown to be e th o x y a c e tic
a c id  by co nve rs io n  in to  the  ]>-bromophenacyl e s te r ,  m,p„ 
and mixed m .p. 105° (Found: 0, 4 8 ,2 ; H, 4 *1 ; B r, 26 .7 .
G ale, f o r  O ^ H ^ B rO ^ : 0, 47*9* H. 4 .3 ; B r, 2 6 .5 $ ). 
(P re p a ra tio n  o f  th e  a u th e n tic  a c id , Fuson, Org, S yn th .
C o ll .  V o l. I I  p . 2 60 .)
F ra c t io n  (b ) c r y s ta l l is e d  on seed ing w ith  2 ,2 -d im e th y l-  
in d a n - l-o n e .
F ra c t io n  ( c ) ,  a pa le  y e llo w  o i l  w hich gave w ith  f e r r i o  
c h lo r id e  a v io le t  c o lo ra t io n  r a p id ly  becoming brown, was 
hyd ro lyse d  by G la ise n *s  m ethod, The d e r iv e d  a c id  gave no 
c o lo ra t io n  w ith  n e u t ra l f e r r i c  c h lo r id e  s o lu t io n  ( a .b u f f  
p r e c ip i ta te  fo rm e d ), and th e  spectrum  showed o n ly  end 
a b s o rp tio n  a t 220 mvA * The sodium s a l t  was used in  the  
fo l lo w in g  two expe rim en ts .
The p~bromophenac.vl e s te r  o f  2 ,2 -d im e th y lin d a n - l-s p iro -  
2 , - o x ira n -3 * -c a rb o x y l ic  a c id  c r y s ta l l is e d  as p la te s ,  m .p. 
92°, from  e th a n o l (Found: C, 60*5; H, 4 ,3 5 ; Br* 19*45.
°21H19Br04 r e l u ir e s  6 0 .7 ; H, 4 .6 5 , B r, 1 9 ,2 5 $ ). , The 
e s te r  gave no c o lo u r  w ith  f e r r i c  c h lo r id e  in  e th a n o l, and 
d id  n o t re a c t w ith  B rady! s re a g e n t.
W ith  2 ,4 -d in itro p h e n y lh y d ra z in e  in  aqueous e th a n o l-  
phospho ric  a c id  m ix tu re , the  sodium s a l t  above gave a
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p r e c ip i ta te  p a r t ly  s o lu b le  in  potassium  hydrogen carbonate  
s o lu t io n ,  , The p ro d u c t p re c ip ita te d  by a c id i f i c a t io n  a t  0° O f ' 
t h is  s o lu t io n  was r e c r y s ta l l is e d  from  a c e t ic  a c id  and from  
aqueous a c e t ic  a c id  to  g ive  y e llo w  b lu n t-e n d e d  need les , 
m ,p, 170° w ith  e v o lu t io n  o f  ga,s i f  p laced  in  the  b a th  a t  t h is  
te m p e ra tu re . A s a t is fa c to r y  a n a ly s is  cou ld  n o t be o b ta in e d  
(Founds G, 5 6 ,1 1 H, 4.7? N, 13 ,3* re q u ire s
0, 57,3? H, 4*55? N, 14*05$ ). The c ry s ta ls  on keep ing  
became p a r t ly  in s o lu b le  in  aqueous potassium  hydrogen 
carbonate*
(26) Bcnzalacetophenone. -  Th is  was prepared by the  
O la is e n -S c h n id t re a c t io n  o f  benzaldehyde w ith  acetophenone 
u s in g  the  method o f  K o h le r and Chadwell, (Orgj Synth. *
O o ll.  V o l . ,  1 , 2n^*Edn * ,  p ,7 8 ) .  The p ro d u c t was tw ic e  
r e c r y s ta l l is e d  from  e th a n o l (95 $ ), m.p, 56 -57°, (170 g. 
from  130 g, acetophenone, 75$)*
( 2 7 ) Phenyl 2-phenyX e thyI ke to n e . -  H ydrogenation  o f  
benzalacetophenone (41 ,6  g . ) a t  a tm ospheric p ressure  u s in g  
Adam’ s c a ta ly s t  gave the  d ih yd roke tone  (Adams, Kern and 
S h r in e r , i b i d .).T h is  was r e c r j / s ta l l is e d  from  e th a n o l (1 ,3  m l* /g . )  
and from  l i g h t  pe tro leum  (1 .0  m l . / g . ) ,  m .p. 71 -73°, (31 gy 74$ ).
(28). The in te r a c t io n  o f  phenyl 2-p h e n y le th y l ke tone 
w ith  e th v l c h lo ro a c e ta te  in  th e  presence o f  potassium  t -  
b u to x id e , -  The s o lu t io n  o f  potassium  t-b u to x id e  from
potassium  (4*87 g . ) in  t - b u ta n o l (125 m l . ) was added 
dropw ise ove r a p e r io d  o f  1 ,5  hours to  th e  s t i r r e d  suspension 
o f  phenyl 2 -p h e n y le th y l ketone (21 g . ) in  e th y l  c h lo ro a c e ta te  
(1 3 .4  m l. )  and t - b u ta n o l (20 m l. ) .  The tem pera tu re  was
' , . i
m ain ta in ed  a t 8-10 . Benzene (10 m l , ) was now added as th e  
m ix tu re  was n e a r ly  s o l id  and the  s t i r r i n g  was con tinued  f o r  ji
a fu r t h e r  1 .5  h o u rs , th e  tem pera tu re  r is in g  in  th e  f i n a l ;  j
stages to  20°, The p a le  brown re a c t io n  m ix tu re  was p a r t ly  ]
evaporated and e x tra c te d  w ith  e th e r , i
, . 7; j
F ra c t io n a l d i s t i l l a t i o n  o f  th e  washed, d r ie d  e th e re a l . j
s o lu t io n  y ie ld e d  o n ly  one la rg e  f r a c t io n ,  b .p , l6 7 -1 7 0 ° /0 ,6  mm*, !
' 1
(24*8 g , ‘) .  N e ith e r  the  crude n o r the  r e d i s t i l l e d  p ro d u c t j
gave an in te n se  .c o lo ra t io n  w ith  a lc o h o lic  sodium h yd ro x id e , i• i
They a lso  gave no c o lo r a t io n . w ith  n e u tra l f e r r i c  ch lo r id e ©  • j
1i
s o lu t io n ,  j
* I 'i
■ . • © 
C la ise n  h y d ro ly s is  o f  t h is  p ro d u c t (12 g . )  w ith  sodium
(O1. 93 g . ) in  e th a n o l (16 m l, ) ,  then  w a te r (0*73 m l , ) ,
* } i
gave an a lc o h o l-s o lu b le  s a l t  p re c ip ita te d  by e th e r  as a j
c o lo u r le s s  g e la tin o u s  s o l id ,  Th is  was separa ted  from  the
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m other l iq u o r  by c e n t r i fu g in g ,  washed w ith  e th e r  by 
d e c a n ta tio n , d is s o lv e d  in  w a te r (200 m l* ) ,  a c id i f ie d  
a t  0° w ith  s u lp h u r ic  a c id  (25 m l,*  2N )? and e x tra c te d  
in to  e th e r . E va p o ra tio n  o f  the  s o lv e n t gave a c o lo u r le s s  
v isco u s  l i q u id  re s id u e  w hich  c r y s ta l l is e d  from  carbon 
te t r a c h lo r id e  in  th e  form  o f  fe l te d  nee d le s , (4 .3  g * ) *  
m .p. 110-111°, w ith  e v o lu t io n  o f  gas. These were th r ic e  
r e c r y s ta l l is e d  from  carbon te t r a c h lo r id e  to  g ive
-p h e n y l ^  - (2 -p h e n y le th y l)  g ly c id ic  a c id , m .p. 114°, 
w ith  e v o lu t io n  o f  gas (Found: 0, 76.3? 5*9$ e q u iv ,
2 6 8  ±  1 . ^ ^ 1 6 ^ 3  r e l u l r e ^ 7 6 ,1 ; H, 6 .0 $ ; e q u iv ,
2 68 .) The u l t r a - v io le t  spectrogram  o f  t h is  a c id  showed
o n ly  end a b s o rp tio n  a t  220 mix-.
/
The p-bromophenac.vl e s te r  o f  t h is  a c id  separa ted  in  
the  fo rm  o f  c o lo u r le s s  nee d le s . These were r e c r y s ta l l is e d  
th re e  tim es from  a lc o h o l,  m .p, 109-110°, A dm ixture  w ith  
p-brom ophenacyl b rom ide, m .p. 109-110°, depressed th e  
m e lt in g -p o in t  to  below  90° (Found: 0, 64.55? H, 4,5?
B r. 17.25* O ggli^BrQ ^ re q u ire s  0, 6 4 , 5 5  H ,4.55? B r ,1 7 .15$ )*
D e ca rb o xy la tio n  o f  t h is  a c id  was r e a d i ly  accom plished 
by h e a tin g  i t  in  th e  presence o f  s o f t  g la ss  powder a t
d im in ish e d  p re ssu re . E v o lu t io n  o f  gas . occu rred  when th o
o i l - b a th  tenp cra tu .ro  was 120°. A t a p ressu re  o f  15 ran., 
th e  aldehjrde formed d id  n o t r a p id ly  d i s t i l  from  th e  
re a c t io n  m ix tu re  u n t i l  th e  ba th  tem pera tu re  reached 
200-210°. The experim ent was repea ted  a t a p ressure  o f  
4 mm. D e c a rb o x y la tio n  to o k  p lace  as b e fo re , and th e  
aldehyde (0 .3  g . ) d i s t i l l e d  and condensed as the  a o id  
(0 ,5  g . ) decomposed, The o i l - b a th  tem pera tu re  was inc re ase d  
from  120° to  200° over a p e r io d  o f  20 m in u tes , and m a in ta in e d  
a t th e  l a t t e r  le v e l  f o r  a fu r th e r  10 m in u tes , by w h ich  tim e  
the  re a c t io n  was com ple te ! There was v e ry  l i t t l e  non­
v o la t i l e  re s id u e * The d i s t i l l a t e ,  2 *4 -d ip h e n y lb u ta n - l-a l, 
a c o lo u r le s s  r e f r a c t iv e  l i q u id  was converted  in to  i t s  se ia i-  
oarbazone, m .p, 133-134°, (nood les from  a lc o h o l)  (Founds 
0 , 72,7s H, 6.7s 14*7 . ci7 % g ^ 0  re q u ire s  0, 72*6 ;
. H, 6 .8 ; N, 1 4 .9 $ )*  ’
I t  was found th a t  h e a tin g  o f the  re a c t io n  m ix tu re  in  
the  p re p a ra tio n  o f  t h is  semicarbazone caused the  fo rm a tio n  
o f  a p ro d u c t le s s - r e a d i ly  p u r i f ie d  by c r y s t a l l i s a t io n  th an  
th a t  ob ta ine d  when the  re a c ta n ts  were a llow ed  to  stand a t 
room te m pera tu re .
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(29) E th y l in d a n - l-one~2 -a c e ta te , -  T h is  was
prepared by the  method o f  Groves and Swan, (J . , 1951# 867 ). 
The e s te r ,  b ,p , 1 4 2 -1 4 4 ° / l.3  mm,, s o l id i f ie d  oh c o o lin g  to - 
a mass o f  cream -co loured  need les , m ,p, 4 5 - 4 6 ° ,  u n a lte re d , 
by r e c r y s ta l l i s a t io n  from  a lc o h o l or l i g h t  pe tro leum ,
(Groves and Swan re c o rd  m ,p. 3 9 -4 1 ° .)  Th is  compound d id  no t 
induce c r y s t a l l i s a t io n  o f  th e  f i l t e r e d  e s te r  .4 , I t  gave no 
c o lo ra t io n  w ith  f e r r i c  c h lo r id e ,  n o r was any c o lo u r  produced 
on h y d ro ly s is  w ith .aqueous  o r a lc o h o lic  c a u s tic  po ta sh ; i t  
fu rn is h e d  a s u b s ta n t ia l p r e c ip i ta te  o f  cuprous ox ide  on b e in g  
b o ile d  w ith  F e h lin g f s s o lu t io n .  The. sem icarbazone; prepared  
in  aqueous p y r id in e  by the  method o f Hopper, Roy, Tech,- 
C o l l .  (G lasgow ), 2 ( l ) ,  £2 , 19293 was r e c r y s ta l l is e d  from  
aqueous a lc o h o l and from  m ethanol as needles m .p, 2 0 2 °
(Found; 0, 6 1 ,0 ; H, 6 ,2 ; N, 1 5 .3 . G14% 7^2°3 r e l u ^re s
0, 6 1 ,1 ; H, 6 .3 ; K, 1 5 .3 $ ).
( 3 0 ) 3# 4> 4 a, 5 - le tra h y d ro  -  3  -  oxo -  2H -  indeno
(1 ,2  -  o') P .v rid a z ln e , -  E th y l in d a n - l-o n e -2 -a c e ta te  (2 .1 8  g, ) 
in  m ethanol ( 4 . 0  m l, )  was added dropw ise over a p e r io d  o f  
1 5  m inutes to  th e  s o lu t io n  o f hyd raz ine  h yd ra te  (2 ,0  gy) in  
m ethanol (2 ,0  m l. )  b o i l in g  under r e f lu x .  The m ixtu ire  
was heated fo r  1  h ou r, coo led , f i l t e r e d ,  and the  heavy w h ite  
c r y s ta l l in e  p r e c ip i ta te  washed and r e c r y s ta l l is e d  from
—  1 0 0  7*
a lc o h o l to  g ive  th e  -pyridaz ine  as rhom bic p la te s ., m ,p,
190° (Pounds' 0 , 70.55 H, 5.35 U, 1 5 .1 . G11% 01'F20 reclu±res 
0 , 7 0 .9 ; H, 5.45 Nf -1 5 .3 * ) ,
Th is compound d id  n o t re a c t w ith  benzaldehyde under 
c o n d it io n s  in  w hich aldehydes condense w ith  ao id  hyd raz i& es .
(.31) E thy l  in d a n v lid e n e - l l a c e ta te . -  The s t i r r e d  
m ix tu re  o f in d a n - l-o n e  (2 6 ,4  g . ) ,  e th y l brom oacetate 
(33 .4  g * ) f benzene (100 m l , ) ,  f r e s h ly  p u r i f ie d  z in c  w ool 
(13 g , ) ,  and a tra c e  o f  io d in e  was heated under r e f lu x  
on the  w a te r-b a th  a t 80° f o r  1 ,5  hou rs . The cooled m ix tu re  
was tre a te d  w ith  ic e  and d i lu t e  s u lp h u r ic  a c id . The 
benzene s o lu t io n  was b r ig h t  y e llo w . I t  was d i lu te d  w ith  an 
equa l volume o f  e th e r , washed w ith  aqueous sodium hydrogen 
carbonate and w a te r, and d r ie d  (magnesium s u lp h a te ) ,  Thi.s 
on f r a c t io n a l  d i s t i l l a t i o n  a t a p ressure  o f  11 mm, gave 
(a ) a c o lo u r le s s  o i l ,  b .p ,  120-130°, ( 1 , 4 -g* ) w hich was 
la r g e ly  composed o f  in d a n - l-o n e , (b ) a p a le  y e llo w  l i q u id ,  
b .p .  159-163°, (0 .6  g , ) , and (c )  a y e llo w  l iq u id ,  b .p , ; 
163-169°, (8 .4  g . ) .
O la ise n  h y d ro ly s is  o f  f r a c t io n  (c )  (2 .0  g . ) was 
accompanied by th e  development o f  a red-b row n c o lo ra t io n
• . . \later becoming dark brown. The mixture solidified on 
standing with the separation of the sodium salt. The 
derived free acid was recrystallised from aqueous alcohol 
and from light petroleum to give colourless needles (0.9 g. )> 
m.p. 94-95° f with evolution of carbon dioxide a*b 150°, (Found; 
equiv. 174 ±  P;*5. GiQHg.QOgH requires equiv* 174),
(7W  254
(32) Invest ligation of the enoxidation off ethyl 
indanylidene-l-acetate. - This was attempted by the method 
used by Karrer, (Helv> Ohim. Acta.. 1946, 2ff, 1829) for the 
epoxidation of double bonds conjugated with a carbonyl group. 
Ethyl Indanylidene-1-acetate (3*2 g.) in ethanol (25 ml.) and 
water (6 ml.) was treated at 0° with aqueous potassium hydroxide 
(3i75 ml*> 40 g,/l00 ml.) and aqueous hydrogen peroxide 
(2,5 ml, == 0,64 g. hydrogen peroxide, by iodomeiric titration), 
and maintained at 0° for 72 hours. It was then treated with 
further aqueous hydrogen peroxide (1.0 ml*) and allowed to 
stand at 0° for a further period of 24 hours. The pH of the 
reaction mixture was about 9.0, The alcohol was largely removed 
by evaporation on a bath at 40° at the water^pump. Evaporation 
of the solvent from a dried ether extract of the residue gave an 
oil (1.0 ml.) which crystallised, and after recrystallisation 
from light petroleum (b.p. 40°) formed colourless needles,
-  1 0 1  -
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m.p. 26°, (0.4 g.)* Mixed m.p, with indan-l-one showed 
a marked depression,
The ether-insoluble residue was acidified and extracted 
with ether. The washed, dried ether extract on evaporation 
of the solvent gave a brown oil which partly crystallised,
The light petroleum-washed crystals (yellow needles 0.1 g.), 
m.p. 83°, gave a purple colour with aqueous potassium hydroxide 
on boiling, and reduced Fehling's solution,
(33) Investigation of the reduction of the Dargens 
gl.vcidic ester condensation product of indan-l-one and 
ethyl chloroacetate.- (a) With hydrogen iodide. (i) The 
method used was that described by Darzens (Compt. rend..
Acad. Sci. Paris, 1910, IgO, 1243) for the reduction of 
glycidic acids and esters to the corresponding unsaturated 
acid or ester.
It was found necessary to cool the ethereal solution 
in an ice-bath as the reaction was exothermic. Dry hydrogen 
iodide was passed into the cooled solution of the ester
g.) in* ether (40 ml.) in a flask sealed with a Bunsen -
valve. Two equivalents of hydrogen iodide, measured by
* * v
the increase in weight of the solution, were absorbed in
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a reaction period of 1 hour. The iodine formed was removed 
by washing the. ethereal solution with aqueous sodium 
metabisulphite at 0°, followed by repeated washing (6 x 100 ml.) 
with water. The final washing was still acidic* - Fractional 1 
distillation of the product from the dried ether solution 
was accompanied by the liberation of a small amount of iodine • 
which sublimed, One main fraction, b.p. 172-i79°/9«0 mm.,
(5.2 g.) was: obtained as a pale yellow oil which on standing
overnight partly crystallised (crossed needles). This was
/light o / vdiluted witl/ petroleum,’b.p. 40-60 , (5*0 ml. ) to diminish
its viscosity, and filtered. The crystalline material
became amorphous and sticky on standing. The liquid and
the freshly isolated crystals were each insoluble in sodium
hydroxide.
(ii) The experiment was repeated {using the ester 
(13;7 g.)j , and the ethereal solution after hydrogen iodide 
treatment washed once with ice-cold sodium dithionite solution 
(100 ml.), which reduced the iodine more readily than sodium 
bisulphite, and with water at 0° (4 x 100 ml.). The dried 
ether extract on distillation gave as before only one large 
fraction, b.p. 172-179°/9.0 mm,, (5.2 g.).
Hydrogenation of,this product was attempted using - • * 
Adam*s catalyst (0.1 g,) at a pressure of 49 atmospheres and
- 104 -
a temperature of 20° in ethanol (50 ml,, 96$), No 
hydrogen was absorbed. The product was distilled b,p* 
l66-176°/8,0 mm,# (3*8 g.)* It reduced aqueous potassium 
permanganate in the cold,
(iii) The product of the hydrogen iodide reduction 
of ester A (12,4 g*) in ethereal solution was washed at 0° 
with aqueous sodium metabisulphite, withj(hydrogen carbonate 
and with water. The residue (6,0 g.) after evaporation 
of the solvent from the dried ether solution, was a 
brown semi-solid gum containing some crystalline 
material. This was heated under nitrogen in the presence 
of a trace of iodine at 100° for 1 hour, There was 
no visible charge in the properties of the substance.
This was hydrolysed by treatment with one equivalent.of 
sodium hydroxide (based on ethyl indenylaeetate) at room 
temperature. The precipitated sodium salt was washed with 
ethanol and with ether to yield a pale fawn granular solid 
(2,5 g.)• The derived acid separated as a brown oil which 
solidified. It was recrystallised from light petroleum, 
from toluene, from water, and from benzene. The product, 
m.p, 122°, (flattened needles) was contaminated with a 
sulphur-containing compound. This contaminant was shown 
not to be the acid derived from the bisulphite compound of
- 105 -
1-f ormylindane by warming the compound (0,1 g.) with dilute 
mineral acid. The compound was insoluble in the a,cid, 
no sulphur dioxide was evolved, and the product gave a 
negative test with Brady*s-reagent.
(b) With chromous chloride. The method was based upon 
that used by Oole and Julian (J. Org. Chem., 1954* 12,* 131) 
for the reduction of 1,2-epoxy ketones to the unsatarated 
ketone, Chromous chloride was prepared by the method of "
Conant and Cutter (J. Amer. Chem. Soc*. 1926, £8, 1016)*
—' I'
The ester A (5*4 g.) in acetic acid (95 ml.) was mixed under 
nitrogen with chromous chloride solution (100 ml,, 0,5N). 
Aliquots of the mixture were removed at intervals for • ,
titration. After 40 hours the concentration of chromous 
chloride was 0.08N, The solution was diluted with water, and 
ether-extracted. The washed, dried extract gave two fractions 
on distillation; (i) a pale yellow oil, b.p, 150-188°/15 mm, 
(0.25 g*)> and (ii) an intensely yellow-coloured oil, b.p. 
197*~200°/l5 mm, (2,7 g*)» The latter fraction had many of the 
properties of the unreduced ester, e.g. it gave similar 
colours with sodium hydroxide, and with ferric chloride. It 
reduced Tollens* reagent*
(34) Reduction of ethyl ^ -methyl- A -phenylglycidate.-
(a) Treatment of the glycidic ester j j10.6 g., from oneto-
~ 106 -
phenone (Allen and Van Allan, (loo. cit.)j -with
hydrogen iodide and washing of the ether solution was 
carried out as in the corresponding experiment (33^^) •
The crude product contained covalently-bound sulphur and 
iodine. It was hydrolysed by Olaisen's method. The 
alkali neutralised during the course of this hydrolysis 
was more than that equivalent to the acid which could have 
been obtained by the hydrolysis of ethyl ^-methylclnnamate 
formed In quantitative yield from the glycidic ester. The 
derived acid was contaminated by a sulphur-containing acid 
which was not readily removed by recrystallisation (twice 
from aqueous alcohol and twice from light petroleum), and 
the yield of the purified acid, m.p. 97-98°, was low (1*3 g.) 
This did not depress the m.p. of authentic ^-methylcinnamic 
acid, m.p. 98°, by more than 1°.
(b) With chromous chloride. The glycidic ester (5.6 g 
in acetic acid (90 ml;) mixed with chromous chloride (145 ml. 
0.392) was left to stand at room temperature under nitrogen, 
aliquots being removed at intervals for titration. After 
40 hours 83$ of the chromous chloride had been oxidised.
The reaction mixture was neutralised with sodium hydrogen 
carbonate, extracted with ether and the extract dried and 
the ether evaporated. The residue was treated with dry 
hydrogen chloride for 30 minutes to convert the expected
-  1 0 7  -
hydroxy ester into the unsaturated ester, (Natelson and 
Gottfried, J. Amer, Chem. Soc.. 1939# 61, 970). The
product on distillation yielded a refractive oil, b.p, 
155-lSO°/l5 mm., (3;3 g*) which on redistillation was 
separated into two fractions, (i) b.p. 155~180°/l5 mm* (2,3 g.), 
and (ii) b.p. 180°/15 mm* (0.5 g. )♦ The main fraction on 
hydrolysis and recrystallisation yielded -methylcinnamio 
acid, (1,0 g,) m*p. and mixed m; p. 93°.
. (c)  With zinc dust and ace tic  acid, ( i )  method
used was th at described by Lutz and W ilder (J . Amer.
Soc.. 1934, 56. 2065) for the reduction of sym-dfbenzoyH-
.ethylene oxide to sym-dibenzoyle thane. From the glyoidlc 
ester (2*1 g.) on reduction, a colourless oil (1.3 g*,) was 
obtained, This, when hydrolysed by the method of Claisen, 
and the product recrystallised, yielded j? -methylcinnamio 
acid, m.p. and mixed nup* 98° (0*11 g.).
(ii) This experiment was repeated with the reduction 
carried out at 40°. Claisen hydrolysis of the product yielded
P  -methylcinnamic acid in approximately the same yield as 
in experiment (c i).
(d) With red phosphorus and iodine in acetic acid*
The method used was that described by lutz and Wood (J. A^mer. 
Chem. Soo.. 1938, 60 229) for the reduction of a sym-bis
(trimethylbenzoyl) ethylene oxide to sym-bis (t rime thy 1- 
benzoyl)- ethane, A sodium salt was not-precipitated when 
the product from the glycidic ester (2,0 g,) was hydrolysed.
(35) Esterifioation of dC-hydroxyindenyl-1(?3)-acetic 
acid.- The acid (3,9 g.) in ether (100 ml,) was treated with 
diazoethane from N-nitrosoethylurethano(4#0 g.) in ether 
(100 ml,). There was a brisk effervescence, and the orange 
colour of the diazoethane disappeared. The ethereal 
solution was washed with aqueous sodium hydrogen carbonate, 
from which by acidification unchanged acid was recovered 
(0.5 g,)»
Concentration of the washed, dried extract gave a pale 
jrellow viscous liquid, which was not obtained crystalline;. 
This gave the intense purple coloration observed with ester • 
A in the presence of aqueous-^alcoholic sodium hydroxide, It 
distilled at 110-112°/0.18 mm,■as a pale yellow viscous 
liquid (2.3 g*)> leaving a small proportion of brown tarry 
residue. The washed sodium salt (1.2 g.) obtained by 
Claisen hydrolysis of this distillate as a grey powder gave * 
a brown aqueous solution. The stepwise acidification of 
this solution gave three fractions, (i) orange, amorphous 
(p*ll g.), (ii) yellow, largely crystalline (0,15 g*), and
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(iii) cream-coloured,. crystalline (0.45 g.). Re crystallisa­
tion of fraction (i) from chloroform gave orange-yellow 
Hedies, in; p. 210° if placed in the bath at this temperature. 
The jD-bromophenacyl ester was prepared from this acid (0,051 g. 
had m.p, 153° undepressed on admixture with the corresponding 
ester of indenylidene-l-acetic acid, Recrystallisa-tion of
(ii) from chloroform gave more of the colourless acid 
isolated from fraction (iii), "Recrystallisation of fraction
(iii) gave needles of oc-hydroxyindenyl-l(?3)-acetic acid, 
m.p. and mixed m.p. of the ja-bromophenacyl ester 128-129°.
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ULTRA-VIOLET ABSORPTION SPECTRA
A ll  analyses were ca rried  out in  ethanolio  
s o lu tio n ,o f concentration 0*001% w/v.
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